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ABSTRACT

This report documents a design and sizing computer program used in support

of the Space Shuttle Low Pressure Auxiliary Propulsion Subsystem (APS) Definition

Study (Contract No. NAS 9-11012). The study objective was to identify and evaluate

APS concepts, and to perform, for the more attractive of these, an in-depth design

and performance analysis. The study was performed for the National Aeronautics and

Space Administration, Manned Spacecraft Center (MSC), Houston, Texas.

This is Volume I (Users Manual) of a two volume report which documents the

design and sizing computer program. Volume I contains a complete technical descrip-

tion of the APS including a description of subsystem operation; subsystem/assembly

design descriptions; delineation of the engineering analysis equations, including

substantiation of data; and sample cases showing program input/output. Volume II

(Program Manual) contains a program description and internal program nomenclature

including a description of variable names, detailed flow charts and a program

listing. The computer program evaluates APS weight for prescribed design parameters

and sizes the APS and its components. Component and assembly models are included

for liquid propellant storage; pressurization subassembly; propellant conditioner;

liquid/vapor mixer; and propellant distribution network, including valves; and

engine assemblies. In addition, engine performance and propellant property models

are included. An iteration scheme is included for optimizing APS feed component

weights as a function of engine chamber pressure. Total subsystem weight as well

as component weights are included in the program output. APS design points and

sensitivities to design parameters and mission requirements can be obtained from

the program.
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1. INTRODUCTION

The NASA space shuttle vehicle system for future manned space operations re-

quires development of a number of subsystems which are either new or which repre-

sent significant extensions of state-of-the-art technology. Among these is the

auxiliary propulsion subsystem (APS) used for control and maneuvering of the

shuttle vehicle after main engine cut-off. Operating on the same types of propel-

lants (i.e., oxygen and hydrogen) as the shuttle main propulsion, these subsystems

will have a minimum service life of 100 mission cycles without need of major over-

haul or refurbishment. Two basic design approaches have been conceived for the

APS: (1) a high pressure concept, using turbopumps or turbocompressors to achieve

high operating pressure levels and (2) a low pressure concept using the main en-

gine propellant tanks as an integral part of the subsystem and operating at main

engine tank ullage pressures. The latter concept was the subject of a 7-month

study, titled "Space Shuttle Low Pressure Auxiliary Propulsion Subsystem Defini-

tion". The study was conducted for the National Aeronautics & Space Administration,

Manned Spacecraft Center (MSC), Houston, Texas, under the technical direction of

Mr. Norman Chaffee. The study objective was "to conduct preliminary auxiliary pro-

pulsion subsystem studies, which would generate information and data, for use in

the overall shuttle vehicle effort", and which would, "identify attractive APS con-

cepts, define their range of applicability and limitations and identify critical

technology areas and development priorities". The study was performed by McDonnell

Douglas Astronautics Company-East (MDAC-East) and its subcontractor, Aerojet Liquid

Rocket Company (ALRC), under Contract NAS9-11012.

From the APS study, it was determined that orbiter requirements are best

satisfied by the use of an orbit maneuvering subsystem (OMS) to perform all high

total impulse maneuvers, such as orbit circularization, plane changes, and deorbit

functions, while all attitude control and vernier maneuvers, such as midcourse

correction and docking are best performed by the APS. APS velocity increments of

approximately 40 feet per second maximum were found to provide the most favorable

allocation of +x axis maneuvers between APS and OMS. By definition, the APS uses

the main engine tanks as low pressure gas accumulators. Propellants from separate

liquid tanks are used for main engine tank resupply. Prior to injection into the

main engine tanks, the resupply propellants are circulated through tubular, passive

heat exchangers where they are vaporized and superheated. Then, during major APS

1-1
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operation, the warm propellant vapors from the main engine tanks are mixed with

additional liquid propellants in a downstream liquid/vapor mixer and supplied to

the engines at constant temperature and pressure (constant density). During peri-

ods of low APS usage, all propellants are extracted from the main engine and pro-

pellant pressures and temperatures at the engine inlets are allowed to vary. The

booster APS requires no separate propellant storage, since propellant residuals,

trapped in the main engine tanks following boost, are sufficient to meet APS pro-

pellant demands. The booster APS operates in a simple blowdown mode and requires

no additional control. Documentation of pertinent study results are contained in

Reports MDC E0303 (Subtask A - Conceptual Definition); MDC E0302 (Subtask B -

Preliminary Design); MDC E0293 (Summary Report); and MDC E0301 (Design Handbook).

This report provides complete documentation of the "Low Pressure APS Design

and Sizing Computer Program". The program evaluates and defines optimum design

parameters and sizes of low pressure APS, as described above, for various space

shuttle performance requirements. APS design points and sensitivities to design

parameters and/or mission requirements can be obtained from the program. Volume I

of this report is a program user's manual which provides APS technical descriptions

and describes the analysis approach and math models used in program development. An

example case, APS weight and sizing solutions and parametric effects are also in-

cluded. APS technical descriptions can be found in Report MDC E0301 (Design

Handbook) but have also been included in Volume I for the convenience of the user.

Volume II, the program manual, contains program operating instructions and in-

ternal program nomenclature, including detailed flow charts, program listings and

a description of program names. Together these manuals provide the user with the

necessary background data, methods of analysis and instructions for efficient pro-

gram utilization.

1-2
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2. TECHNICAL DESCRIPTION

2.1 Subsystem Operation - The low pressure APS design and sizing computer

program was written to evaluate and define optimum design parameters and size 
of

the low pressure auxiliary propulsion subsystem (APS). Auxiliary propulsion is

required on both booster and orbiter elements of a space shuttle vehicle to provide

attitude control. In the case of the orbiter element, the APS is also required for

low-impulse translational maneuvers. These subsystems operate on the same types of

propellant (i.e., oxygen and hydrogen) as the space shuttle main propulsion and use

the main engine propellant tanks as an integral part of the subsystem. Space

shuttle mission requirements dictate the number of engines, engine size (thrust

level) and engine location.

2.1.1 Orbiter - The orbiter APS requires separate liquid propellant storage

tanks to supplement main engine tank residuals. Propellant from the storage tanks

is circulated through passive heat exchangers, mounted on the main engine tanks,

where it is superheated and injected into the main engine tanks. During major APS

operations, warm propellant vapors from the main engine tanks are mixed with 
addi-

tional liquid propellants in a downstream liquid/vapor mixer, and supplied to the

engines at constant temperature and pressure. During periods of low propellant

demand, the APS operates entirely from main engine tank propellant vapors and no

control of engine inlet conditions is employed. Isolation valves are located in

the propellant distribution network to isolate a faulty engine (or groups of

engines) in case of engine failure. The orbiter APS schematic is shown in

Figure 2-1.

Low pressure APS mission operation is as follows. At the end of boost, liquid

and gaseous propellants are trapped in the main engine tanks and feedlines. Envi-

ronmental heating of the tanks warms the propellant vapor and boils off the liquid

residual. If heating is sufficient to reach tank relief pressure, venting occurs

and propellant is lost. APS operation during this initial phase decreases tank

pressure and precludes propellant venting. Thus, during the early mission phases,

the APS operates almost entirely from residual propellant contained within main

engine tanks. As the mission proceeds, tank pressures decay and propellant must

be resupplied from separate, liquid propellant storage tanks. The resupplied pro-

pellant is vaporized and superheated in a passive heat exchanger, mounted to the

main engine tank. Main engine tanks thus serve both as heat sources (to condition

the propellant) and as accumulators (to store the propellant vapor).

2-1
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During low demand and initial phases of APS operation, engine inlet conditions

vary since all propellant is extracted from the main engine tank. When a major

APS operation is scheduled, however, engine inlet conditions are closely controlled

by addition of liquid propellant (taken from the APS storage assembly) to the mixer

assembly. During both modes of operation, propellants from the liquid storage

tanks are supplied to the main engine tanks, via the passive heat exchanger assem-

bly; resupply fluid flow rates are controlled to match flow rates out of the tank.

After each major APS operation, propellant vapor in the main engine tank will

be relatively cool, and tank walls will be chilled because of heat removal for

propellant conditioning. Tank wall temperature recovery is effected by radiation

heating from the vehicle skin. Heat transfer from the tank walls to the gas inside

raises gas temperature and pressure to their original condition and prepares the

APS for its next major demand.

2.1.2 Booster - The booster low pressure APS operates in a simple blowdown

mode, utilizing the main engine tank residual propellants. At main engine cutoff,

the main engine tanks and feedlines contain sufficient liquid and gaseous propellant

residuals to satisfy the entire APS mission duty cycle. Hence, the booster APS

requires no additional tankage, thermal conditioning, or liquid/vapor mixing assem-

blies. The complete APS consists of g-sensitive tank outlet valves, a propellant

distribution assembly and control engine assemblies; all are shown schematically in

Figure 2-2.

When the boos.ter APS engines are fired, propellant vapor is extracted from

main engine tanks and pressure within these tanks decay. The thermodynamic process

corresponding to this operation is similar to any gas storage bottle blowdown. For

low'flow rates, pressure decay is nearly isothermal; however, if outflow rate is

high, the process is nearly isentropic. Following engine shutdown, the pres-

sure and temperature profiles are dependent on heat transfer into the system.

2.2 Subsystem Description - The orbiter low pressure auxiliary propulsion

subsystem contains five primary assemblies:

(1) propellant storage assembly, consisting of liquid propellant storage tanks

and associated thermal protection, propellant positioning and pressuriza-

tion subassembly,

(2) propellant conditioning assembly, consisting of main engine tanks with an

integral passive heat exchanger,

2-3
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G-SENSITIVE
OUTLET VALVES

AIN 02 TANK MAIN H2 TANK

ENGINES - 20 AT 2500 LB THRUST

BOOSTER BASELINE AUXILIARY PROPULSION SUBSYSTEM

2 --
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(3) liquid/vapor mixing assembly, consisting of a liquid injection/mixing

chamber and constant density controls,

(4) propellant distribution assembly and associated valves and controls,, and

(5) engine assemblies.

The main engine propellant tanks are also an integral part of the APS, serving

primarily as gas accumulators, and secondarily as mixing chambers and heat sources.

The booster low pressure auxiliary propulsion subsystem contains two primary

assemblies. These are:

(1) a propellant distribution assembly and associated valves and controls

(2) control engine assemblies.

A discussion of the design concepts is included in the following sections.

2.2.1 Propellant Storage Assembly (Orbiter) - The APS storage assembly must

contain sufficient propellant, when added to the main engine tank residuals, to

meet the APS impulse requirements as dictated by a specific space shuttle mission.

Oxygen and hydrogen propellant APS tank designs are similar except for pres-

surization subassemblies. A regulated, cold helium supply is used for liquid

oxygen pressurization and submerged, low suction, head pumps are used for liquid
hydrogen. The liquid hydrogen tank, shown in Figure 2-3, consists of an aluminum

structural shell (or pressure vessel), insulation, and protective covering. The

insulation subassembly is comprised of a 0.4 inch polyurethane foam substrate over

the structural shell to prevent cryopumping during ground purge, a cooling shroud

to intercept heat leaks from tank supports and surroundings, and a double-aluminized

Mylar, multilayer insulation shield for space operations. The cooling shroud is a

one mil aluminum foil dip-brazed to a coil of 1/8 inch aluminum tubing. A small

quantity of liquid hydrogen, which is extracted from the storage tank, is circu-

lated through the coil where it absorbs incoming heat through vaporization. The

hydrogen is extracted from the propellant acquisition device, throttled to reduce

its temperature, and passed through the tank insulation cooling shrouds (first the

H2 and then the 02 tank) prior to being vented overboard. Tank insulation is fab-

ricated in gore segments laced together and is protected from structural damage and
atmospheric moisture degradation by a fiberglass outer shell. The oxygen tank is

identical except that the polyurethane foam substrate is not required.

Both hydrogen and oxygen tanks incorporate a surface tension screen device

for propellant acquisition. The surface tension device is made up of three annular

trays, as shown in Figure 2-3. Each tray consists of an aluminum channel covered

by a perforated plate, which serves as a screen support and adds to rigidity.

2-5
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COOLING SHROUD
(1 MIL FOIL)

FIBERGLASS 1/8 DIA
O U T E R S H E L L - - T U B IN GI N U A O N B A K E

'- INSULATION BLANKET

(ORANGE PEEL)

N2 PURGE' r'-

-PUEPURGE PORT

VENTV
VENT LAUNCH G

He FILL/VENT REENTRY G

He REGULATOR
(LO2 TANK ONLY)FILL

CRYOFAM PRESSURE VESSEL
(LH2 TANK ONLY) (2219-T87 AL)

LH2 PUMPS (3) SCREEN CHANNEL
ACQUISITION RINGS (3)

H2 THERMO v TANK
VENT l  OUTLET

PROPELLANT TANK INSULATION/COOLING DESIGN
FIC-U i,?
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Oxygen tank pressurization is accomplished by a conventional cold helium

pressurization assembly. A high pressure (3,000 lbf/in 2a) stainless steel helium

storage tank is mounted inside the liquid oxygen tank. Regulators maintain tank

pressure at 35 lbf/in 2a.

Hydrogen pressurization requirements are satisfied by low head rise, motor

driven boost pumps submerged in the hydrogen tank outlet. The hydrogen tank is

prepressurized to 40 lbf/in 2a with helium. Combined with a 10 percent initial

ullage volume, this prepressurization level ensures at propellant depletion a

minimum of 0.5 lbf/in 2 above propellant vapor pressure. This includes allowances

for helium solubility in LH2.'
Pertinent physical and performance characteristics of the propellant storage

assembly are summarized in Figure 2-4.

2.2.2 Propellant Conditioning Assembly (Orbiter) - The propellant conditioning

assembly is composed of main engine tanks, multiple tube/heat exchanger, and asso-

ciated controls for propellant resupply. Hydrogen and oxygen heat exchangers are

constructed of aluminum tubing to achieve high heat transfer rates and low weight.

Figure 2-5 defines the heat exchanger concept and shows how the tubes are attached

to tank longitudinal stiffeners. The section modulus of the tube and flange adds

to longitudinal rib stiffness providing a potential reduction in tank rib height

and weight.

Heat exchanger design characteristics include number of panels; number of -

tubes per panel; and tube length, spacing, and diameter. Dimensions are presented

in Figure 2-6 for a typical heat exchanger designed for an APS which provides a

maximum velocity increment of 40 feet/second. Propellant gas velocities in the

tubes are limited to Mach 0.3. Conditioning assemblies were sized (tube length,

spacing, etc.) to maintain final main engine tank pressures of approximately

20 lbf/in2a. Heat exchanger design inlet pressures are at 35 lbf/in 2a for oxygen

and 57 to 35 lbf/in 2a for hydrogen. Resupply flow rates are established by a

pressure/temperature controller which is designed to maintain a constant vapor mass

within main engine tanks at all times. Flow modulation is achieved with valve-

orifice assemblies.

2.2.3 Liquid-Vapor Mixer Assembly (Orbiter) - The liquid-vapor mixer assembly

is used during major APS operations, to provide constant pressure and temperature

at the engine inlets, thus achieving constant thrust level and mixture ratio. The

mixer is located in the main propellant distribution line, downstream of the main

2-7
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OXYGEN HYDROGEN

PRESSURIZATION
TYPE COLD HELIUM PUMP
STORAGE PRESSURE, LBF/IN2A 3000 (40 HE PREPRESS)
STORAGE TEMPERATURE, oR 165 -
SUPPLY PRESSURE, LBF/IN.' A 35 35 MIN
PUMP HORSEPOWER, BHP - 6.1
ELECTRICAL POWER - 208. (23 AMPS)

PROPELLANT TANK
VOLUME, FT3  67 634
DESIGN PRESSURE, LBF/IN. 2A 35 40
MATERIAL 2219-T87 AL 2219- T87 AL
INSULATION HPI HPI/CRYOFOAM

THICKNESS, IN. 0.97 0.68 (HPI)/0.42 (FOAM)
COOLING H2VENT H2VENT

VENT RATE, LB/HR - 0.45
SHROUD 1 MIL AL FOIL 1 MIL AL FOIL
TUBING 1/8 DIA;0.010 WALL 1/8 DIA; 0.010 WALL

PROPELLANT ACQUISITION SCREEN TRAP SCREEN TRAP
EXTRACTION RATE, GPM 103 550
HYDROSTATIC HEAD,LBF/FT 2  41 6.4
EXPULSION EFFICIENCY 0.987 0.991

APS PROPELLANT STORAGE DESIGN SUMMARY
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HEAT EXCHANGER PANELS
ORBITER TANK CONFIGURATION (TWO 02, FOUR H2)

24 FT 81, FT

TANK CONSTRUCTION

20 IN

BOND AND RIVET
(1/8 IN RIVETS AT 0.6 IN SPACING

0.68 x 0.75 LG CUTOUT --
(TYPICAL EACH TANK RING)

,- I HEAT EXCHANGER

ATTACHMENT

PATIVEHEAEECHAGERCONEP

TANK LONGITUDINAL TE
STIFFENERST C C S
4 IN. SPACING (02)
10 IN. SPACING (H2)

.. RADIAL
TANK RING
EVERY 20 IN.

PASSIVE HEAT EXCHANGER CONCEPT

TYPE MULTIPLE TUBE/HEAT SINK

LOCATION INTEGRAL WITH MAIN ENGINE TANK WALL

ATTACHMENT TUBE FLANGE RIVETED TO TANK LONGITUDINAL STIFFENERS
TUBE CHARACTERISTICS

MATERIAL 2014-T6 ALUMINUM
DENSITY, LBM/IN 3  0.101
DESIGN TEMPERATURE, OR 530
ULTIMATE STRESS, LBF/IN 2 64,000
ULTIMATE SAFETY FACTOR 2.0
MINIMUM GAGE, INCHES 0.022
MAXIMUM MACH NUMBER 0.3

PANEL DIMENSIONS OXYGEN HYDROGEN

NUMBER OF PANELS 2 4
NUMBER OF TUBES 154 62
TUBE LENGTH, FT 17.5 15.0
TUBE SPACING, IN 4.0 10.0
TUBE DIAMETER, IN 0.394 0.298

HEAT EXCHANGER DESIGN CHARACTERISTICS i i 2-
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engine tank. This assembly consists of a liquid injection/vapor mixing chamber and
two independent controls: a pressure regulator and a liquid flow rate controller.
Cold liquid propellant is injected into the mixing chamber, where it is combined
with warm propellant vapors (extracted from the tank) to achieve a constant propel-
lant density corresponding to predefined mixer temperature and regulated pressure.
Minimum engine inlet temperatures are 200OR for oxygen and 150OR for hydrogen,
based on engine ignition criteria and maximum allowable injector temperature differ-
ential. Mixer physical characteristics required to achieve these conditions are
shown in Figure 2-7 for the selected APS design.

Mixer design is similar for both oxygen and hydrogen propellants, consisting
of a liquid injection element, with hyperthin vanes located normal to the gas
stream, and a downstream mixing length to allow liquid vaporization. Liquid flow
is controlled by a motor driven cavitating venturi throttle valve to provide a
prescribed temperature at the mixing chamber outlet. This valve maintains constant
liquid injection pressure and decouples liquid flow rates from mixing chamber pres-
sure fluctuations. The pressure regulator is a motor driven IRIS or petal-type
throttle valve.

2.2.4 Propellant Distribution Assembly (Orbiter and Booster) - The propellant
distribution assembly supplies propellant from the liquid/vapor mixer assembly to
the engine assemblies and provides engine isolation in case of failure. Ducts,
valves, and linear and angular compensators make up this assembly. Each section of
ducting includes linear and angular compensators as required to absorb normal manu-
facturing tolerances, differences in thermal expansion between ducts and vehicle
structure, and load-induced structural motions. A typical line and compensator
installation is shown in Figure 2-8.

Line routing and valving are typified by the oxygen distribution assembly
schematically depicted in Figure 2-9 for the selected orbiter design. Isolation
valves are located as shown to provide shutdown of engine groups when necessary.
To minimize weight, main engine tank pressurization lines are used as primary APS
distribution trunk lines. These lines extend nearly the full length of the orbiter
and booster, and are of sufficient diameter to accommodate APS flow requirements.
All remaining lines are sized to provide minimum subsystem weight by balancing line
weight penalty (a function of friction losses) and engine weight penalty (a function
of resultant chamber pressures) for the maximum number of engines that could be
fired simultaneously.

2-10
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A

0.50 IN. TYP

VAPOR I

"'""-.,,. ' LIQUID

25 IN.
0.094 IN.

ITEM 02 H2
MIXER WIDTH A, IN 7.40 8.20

HEIGHT B, IN 7.40 8.20
LENGTH L, IN 5.00 5.00

DROPLET DIAMETER, IN. 0.002 0.002 0.70 IN.
TOTAL PRESSURE DROP 1.0 1.5 TYPICAL VANE

GAS STREAM, LBF/IN2

PRESSURE DROP, LIQUID, LBF/IN2  10.0 7.8
GAS STREAM MACH NO. 0.2 0.2
LIQUID DISCHARGE VELOCITY,MAX,FPS 20 47

PROPELLANT LIQUID/VAPOR MIXER
1 CUR 2-7
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ANGULATION
COMPENSATORS (2 REQ'D)

MARMAN
COUPLING

PRESSURE BALANCED
NOTION COMPENSATOR

MARMAN
COUPLING

TYPICAL LINE INSTALLATION
FIGURE 2-8
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Distribution network design characteristics are 
given in Figure 2-10. All

lines are fabricated from minimum gage aluminum. Minimum gage dimensions are

dictated by fabrication and handling requirements and 
were determined from a survey

of current aircraft usage. The bellows-type angular and linear compensators 
are

also constructed of aluminum. Visor type isolation valves are used to minimize

envelope, weight, and pressure losses.

2.2.5 Engine Assemblies (Orbiter and Booster) - APS engine assemblies provide

all attitude control for the orbiter and booster, 
as well as vernier translation

maneuvers for the orbiter. Engine assemblies include propellant control valves,

injector, combustion chamber, and nozzle. The engine design features are shown

in Figure 2-11. Engine cooling is achieved by hydrogen film cooling along 
the

interior of the combustion chamber and nozzle wall. 
Combustion chambers and noz-

zles are fabricated of thin wall, high temperature 
steels, while the head end is

fabricated of aluminum to minimize assembly weight. 
The two dissimilar materials

are attached by welding to a bimetallic ring. Chambers and nozzles are externally

insulated with MIN-K-2000 insulation. Ignition is achieved by a sequenced electric

spark torch ignitor, and propellant flow control 
is achieved by pneumatically

actuated, pilot operated, coaxial poppet valves. Helium for the pneumatic sub-

assembly is stored at 3500 lbf/in
2 a in three titanium tanks.

The booster engine is similar to the orbiter engines. 
Differences result from

a higher booster engine thrust level and lower 
expansion ratio which optimize at an

expansion ratio of 2:1 and a mixture ratio of 2:1. The orbiter engine uses an ex-

pansion ratio of 8:1 at a mixture ratio of 3:1. A summary of engine physical

characteristics is shown in Figure 2-12 for the 
selected APS orbiter and booster

design.

2-14
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DISTRIBUTION LINES
MATERIAL 2219 ALUMINUM
DENSITY (LB/IN. 3) 0.101
DESIGN TEMPERATURE (OR 530
ULTIMATE STRESS LBF/IN. 64,000
ULTIMATE SAFETY FACTOR 2.0
MINIMUM GAGE (INS)

LINE DIAMETER 2-4 0.022
4-6 0.035
6-9 0.049

COMPENSATORS
TYPE,ANGULAR SOCKET/BELLOWS

SLINEAR IN LINE BELLOWS
MATERIAL 2219 ALUMINUM

ISOLATION VALVES
TYPE VISOR
MATERIAL ALUMINUM
ACTUATION DC REVERSIBLE MOTOR

DRIVE WITH CLUTCH BRAKE

DISTRIBUTION ASSEMBLY DESIGN CHARACTERISTICS
(Oxygen and Hydrogen)

2-15
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THRUST ------------------- - LB -------------------------------- 1080
CHAMBER PRESSURE.------- LBF/IN. 2A------------------------- 13.7
MIXTURE RATIO------------------------------------------------- 3.0
EXPANSION RATIO ----------------------------------------------- 8:1
INLET PRESSURE---------- - LBF/IN. 2A . . ...------------------- 15.7
INLET TEMPERATURE----- - 02,/12 - OR ---------------------- 200/150
SPECIFIC IMPULSE-----.----- SECS ------------------------------- 376.5
FLOW RATE (TOTAL------- - LB/SEC ---------------------------- 2.87
FUEL FILM COOLANT------ - % - ---------------------------------- 15
CYCLE LIFE -----.---------- CYCLES-------------------------- 100,000
WEIGHT - TOTAL------------ LB ------------------------------- 77.0

-INJECTOR------------------------------------------------ 38.7
- CHAMBER & NOZZLE -------------------------------------- 14.6
- PROPELLANT VALVES------------------------------------- 15.7
- IGNITION & MISCELLANEOUS.------------------------------- 8.0

DIMENSIONS - IN.
- OVERALL LENGTH---------------------------------------- 40.0
-THROAT DIAMETER.----------------------------------------- 8.0
- INSIDE CHAMBER DIAMETER------------------------------- 13.0
- NOZZLE EXIT DIAMETER (O.D.) . . ..---------------------- 24.0
- INTERFACE DIAMETER------------------------------------ 19.0
- VALVE EQUIVALENT FLOW AREA - IN.2 (02/H2)----------- 4.15/4.90

ORBITER APS ENGINE DESIGN CHARACTERISTICS

THRUST-------------------- LB.--------------------------------2500
CHAMBER PRESSURE.------- LBF/IN. 2A.-------------------------11.0
MIXTURE RATIO------------------------------------------------- 2.0
EXPANSION RATIO ----------------------------------------------- 2:1
INLET PRESSURE---------- - LBF/IN. 2A.------------------------ 14.0
INLET TEMPERATURE ----- -0 2/1 2 - OR ----------------------- 400/150
SPECIFIC IMPULSE--------. - SECS ------------------------------- 342
FLOW RATE (TOTAL------- - LB/SEC---------------------------- 7.31
FUEL FILM COOLANT------ - % ------------------------------- 10

CYCLE LIFE---------------- CYCLES -------------------------- 100,000
WEIGHT - TOTAL------------. LB ------------------------------- 149.0

-INJECTOR------------------------------------------------83.1
- CHAMBER & NOZZLE --------------.----------------------- 22.3
- PROPELLANT VALVES------------------------------------34.6
- IGNITION & MISCELLANEOUS.--------------------------------9.0

DIMENSIONS - IN.
- OVERALL LENGTH ---------------------------------------- 45.0
-THROAT DIAMETER----------------------------------------14.2
- INSIDE CHAMBER DIAMETER------------------------------23.2
- NOZZLE EXIT DIAMETER (O.D.)---------------------------- 22.0
- INTERFACE DIAMETER------------------------------------ 34.0
- VALVE EQUIVALENT FLOW AREA - IN.2 (0242)-----------13.2/16.6

BOOSTER APS ENGINE DESIGN CONDITIONS FIGTc 2.-.

2 -17
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3. ANALYSIS

3.1 Approach - The APS design and sizing computer model consist of a main

program which controls input/output and numerous subroutines which model the

subsystem components and properties of the propellant. It also contains an itera-

tion scheme for optimizing flow and pressure balances. A simplified flow chart

is shown in Figure 3-1.

The subsystem has been divided into assemblies and components which depend

upon propellant flow rates (e.g., feed system), and assemblies which depend only

upon the length of operation or total impulse required of the subsystem. Engines,

distribution lines, valves, and the liquid/vapor mixer (all flow rate dependent

components) are sized as a function of engine chamber pressure based on the minimum

available main engine tank pressures. All lines are sized to provide minimum sub-

system weight by balancing line/valve weight (a function of friction losses) and

engine weight penalty (a function of resultant chamber pressures) for the maximum

number of engines that can be fired simultaneously. Line gas velocities are

limited to Mach 0.3 maximum. Adibatic line flow with friction is assumed .for this

analysis. Impulse dependent assemblies and components include propellant quantity,

propellant tankage and pressurization subassembly, and the heat exchangers.

Mathematical models of the subsystem components are described below. Models

have also been included to evaluate engine performance; thermodynamic properties

of hydrogen, oxygen, and helium; and optimum engine chamber pressure (curve fit

of feed system weight as a function of chamber pressure).

3.2 Component Models

3.2.1 Engine Performance - Low pressure engine performance was evaluated by

ALRC Eor the nominal case and over the range of conditions shown in the follow-

ing table. Although the nominal values are based on an ALRC/NASA-LeRC develop-

mental engine design, they also represent an approximate average of the orbiter

and booster APS engine design points tabulated in Figure 2-12.

3-1
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MAIN PROGRAM SUBROUTINE ENGISP
I Calculates engine per-

o Reads Input Data I formance (ISP)
o Initializes Variables _
o Calculates optimum chamber SUBROUTINE ENGINE

pressure (Pc) Calculates engine/ I
I pneumatic weights

SUBROUTINE XLINE
i - Calculates line and I

-compensator weights
- I

SUBROUTINE VALVES FEED
S Calculates valve COMPONENTSo Selects optimum Pc and re- iweights I

calculates feed component
weights SUBROUTINE INTERP

Curve fit of feed
I weight vwri-; Pr i

o Totals feed weights SUBROUTINE MIXER

Calculates mixer weight

I I I
I SUBROUTINE PASHEX

SCalculates heat ex-
I chanaer weiahts

I [J SUBROUTINE PROPEL
O Calculates total APSo Adjusts propellant weights propellant weights

for residuals i___propellantweihts
f iia SUBROUTINE TANK

Calculates tank weights C STORAGENTS
I(includes boil-off, in- COMPONENTS

I I ii = '") ,, I

o aSUBROUTINE PRESYS
o Totals weights IICalculates pressuriza-

tion subassembly weiaht

io Continues evaluation for I ISUBROUTINES PROFH2,
I additional cases PROF02, PRPHOH
1 Prints output data I Calculates propellant

L ------ I properties

PROGRAM COMPUTATION DIAGRAM FIGIIFU _ 3-1

3-2
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Parameter Units Nominal Range

Chamber Pressure lbf/in2a 15 10 - 30

Thrust lbs 1500 300 - 4000

Mixture Ratio O/F 2.5 2 - 6

Area Ratio Ae/At 5.0 2 - 15

Oxygen Inlet Temperature OR 540 200 - 800

Hydrogen Inlet Temperature OR 540 100 - 800

ENGINE DESIGN PARAMETERS FIGURE 3-2

Based on performance analyses the following effects were evaluated over the

above parametric range:,

(1) theoretical specific impulse variations - due to variations in chamber

pressure, area ratio, mixture ratio and inlet propellant conditions

(2) reaction kinetic losses - due to finite reaction rates which do not

permit equilibrium conditions to be maintained during the expansion

process

(3) mixture ratio maldistribution loss - due to hydrogen film cooling of the

inner combustion chamber and nozzle wall

(4) boundary layer loss - due to shear drag and heat transfer effects along

the boundary of the thrust chamber

(5) non-axial exhaust velocity (divergence loss) - due to two-dimensional

flow effects which reduces nozzle thrust

Standard assessments of the magnitude of these losses were accomplished

through the use of the ICRPG propellant performance evaluation technique described

in Reference (a). The theoretical specific impulse was calculated for variations

in chamber pressure, area ratio, mixture ratio and inlet propellant conditions

using a one-dimensional shifting equilibrium performance computer model. Then

with the technique of Reference (a), each of the specific impulse losses which

make up the combined total of performance inefficiency is calculated over the

variable ranges indicated in Figure 3-2. The sum of these losses, subtracted

from theoretical, results in the engine delivered performance for any operational

point.

It should be noted that cooling requirements are extrapolated from design

point calculations. The cooling requirement is adjusted for changes in mixture

3-3
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ratio, thrust level, chamber pressure, and inlet propellant temperature changes as

stated in the following equation:

MR + 1 )(N )5(c PN TH2N%FFC = %FFC N P TH2N Eq. 1
%Fc~F~ N (M + )( ) (T 2)T

cN PN H

The influence of the design conditions upon the required percentage of fuel film

coolant is included in the performance model.

The engine delivered specific impulse is presented in Figures 3-3 through

3-6 based upon the primary variables of chamber pressure, thrust, mixture ratio,

expansion ratio and propellant inlet temperatures. A negligible impact on Isp
was determined for different engine chamber pressures. The increased performance

provided by increasing chamber pressure (thus reducing kinetic losses) is offset

by a corresponding increase in percentage of film coolant required to cool the

combustion chamber. This trend is considered valid for thrust-to-chamber pressure

ratios of 2 to 100. Vacuum specific impulse increases with thrust as shown in

Figure 3-4 due to reduction in boundary layer losses and film cooling mixture

ratio maldistribution losses. The film cooling requirement decreases with in-

creasing thrust as seen from Equation 1, thus allowing the engine core to

operate at a higher overall mixture ratio closer to optimum conditions.

Also shown in Figure 3-4 are performance increases with area ratio which result

from the increases in exit velocity with the corresponding larger pressure ratio.

For the low pressure engine, only minor performance increases are obtained for

area ratios above 20. Performance increases at lower mixture ratios (Figure 3-5)

reflect decreases in kinetic losses and mixture ratio maldistribution losses

associated with film cooling. Increases in propellant inlet temperature result

in increased performance due to the enthalpy rise of the combustion products.

Since hydrogen has a high specific heat compared to oxygen, it has the most in-

fluential effect on performance as seen in Figure 3-6.

Performance trends as a function of the design and operating variables have

been mathematically represented in the form of polynominal curve fits. The per-

formance equations are as follows:

3-4
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23
CMR = 3.0615486E+2 + 8.236289E+1MR - 2.5341553E+lMR 2 + 2.0052997E+OMR

C = 9.5669612E-1 + 5.6185918E-5F - 2.4131457E-8F 2 + 4.8906032E-12F3

F

- 4.5638046E-16F
4 + 1.5831677E-20F

5

23
Ce  = 7.2869684E-1 + 1.2401970E-le - 2.1588381E-2E 2 + 1.9211745E-3E3

- 8.3143012E-5e
4 + 1.3822125E-6e

5

CTH 2 = - 1.8883830E+1 + 4.4876594E-2TH2 - 1.8175606E-5TH 2
2

2
CTo0 2 = - 2.8246153E+0 + 5.6461536E-3T0 2 - 7.6923060E-7T 0 2

C* = 1 + (G- 1) (F - 1500)
3500

G = 1.02231 - 1.8563732E-2MR + 4.2676188E-3MR
2

ISPV  = (CMR X CF X Ce X C*) + CT + CT
H2  02

3-5
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EXPANSION RATIO
0 15 40 EXPANSION RATIO

15

8

8

380 38(

4m4
S360 360

2

-340 340' 2

MR = 2:1 M = 3:1

320 . ...... . ... 320. . .... . ....
.3 .5 1 2 4 .3 .5 1 2 4

ENGINE THRUST - 103LBF3S0'
380 EXPANSION RATI 15 360 EXPANSION RATI 15

8 8V

360 340

c 340- 320
H

p.i

L)

22
S320- 300

MR = 4:1 MR= 5

300 20
.3 .5 12 .3 .5 1i 2 4

ENGINE THRUST - 103LBF

THRUST INFLUENCE ON SPECIFIC IMPULSE
(PROPELLANT INLET TEMPERATURE - 300OR) FIGURE 3-

3-7
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340- 2 3 e 4

SHRUST - LBFC3oH 3200

N 300- 40
. "HRUST - LBF

,co
52801

260

ico
4 5 6 23

MIXTURE PATIO

400 400

8 15

S380- 380

360 THRUST-LBF

4000
a - THRUST-LBF

4

340- 40
P.

320- 320

300- O

MIXTURE RATIO

MIXTURE RATIO INFLUENCE ON PERFORMANCE FIGURE 3-5
(PROPELLANT INLET TEMPERATURE-300R)
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HYDROGEN INIET i

360. TE1PERATURE - oR
800

6600

350 400

0300

E 4 100

o3
CONDITIONS

330 THRUST = 2500 LBF
1- =,2:1

1E 2:1

260 360 460 560 6 60 760
OXYGEN INLET TFMPERATURE - OR

400-

HYDROGRL4 INEIT

ON PERFORMANCEo

o o800

.400

300
O380

200

10 00 .

370- TH1,UST = 1000 LBF
MRa = 3:1
Lc = 8:1

200 360 460 560 660 70
OXfGEN INLET TEMPERATURE - OR

PROPELLANT INLET TEMPERATURE INFLUENCE FIGURE 3-6
ON PERFOR1MANCE
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3.2.2 Engine Weight - Engine physical characteristics were identified by ALRC

through the calculation of physical geometry and subsequent calculation 
of material

weights for the nominal design point shown in Figure 3-2 and other sample 
point

design engines. Igniter, propellant control valves, injector, combustion chamber,

and nozzle are included in the weight analysis. Predominant contributors to the

low pressure engine weight are the injector and propellant valves, 
which together

comprise about 75 percent of the total engine weight. The weights are based on

the use of a lightweight aluminum injector and structural adapters. The propel-

lant valves are constructed of aluminum also and were sized 
for the equivalent

flow orifice required.

The low pressure engine weight was found to be very sensitive to design point

conditions. The sensitivity to thrust and chamber pressure is shown in Figure 3-7

for various nozzle expansion ratios. Also shown is engine weight sensitivity to

nozzle expansion ratio for various thrust to chamber pressure ratios. Engine

weight as a function of thrust, chamber pressure, and nozzle 
area ratio is math-

ematically represented in the form of polynominal curve fits. Equations represent-

ing engine weight are:

W(F/Pc) = 26.698 + 0.90973(F/Pc)-l.7485x10
-3 (F/Pc ) 

2+ 4 .5798x10-6 (F/Pc 3

-9 4
- 2.49955x10 (F/P )

c

-2t -'5 2 -6 3
W(E) = .703277+l.82569x10-

2(E) + 7.274x10-5(e)2 + 3.0347x10-6(e)3

ENG =W(F/Pc) x W (E)

These equations are applicable over the design parameter range shown in Figure 3-2.

A pneumatic assembly is required for engine valve actuation and 
weights for

this assembly are included in the engine weight subroutine. The pneumatic sub-

assembly consists of titanium tanks, stainless steel distribution lines, valves

and regulators. Helium requirements are a function of propellant valve design and

size, seat loads, opening times, and number of cycles (function of mission duty

cycle). Detailed analysis for both the booster and orbiter APS indicated pneumatic

assembly weight to be about 5.5 lbs. per engine. The reader is referred to Ref-

erence (b) for detailed pneumatic actuation requirements and a breakdown of 
the

pneumatic assembly weights.

3-10
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Sl: CHAMBER PRESSURE 10 CHAMBER PRESSURE 10

200 2 LB/IN2A 1 LT3F/IN 2A 15

20 20

100. 30 30

50-

:10

HCHAMBER PRESSURE 10 CLR PEJSSUR 10

1-0 8:1 LBF/IN2 A 15
200. 15 20

20

100

50

20

1 2 5 10 20 50 1 2 5 10 20 50
THRUST - LBF x 10 - 2

THRUST TO CHAMBLR PRESSURE 2ATIO-IN2__ 2

M100

S1000o -------- """0

010

0 6 S 10 12 14 16
,OZZLE EXPANSION KATIC

ENGINE UEIGHT FIGURE 3-7

(Low PRESSURE FIL-COOLED ENGINE, INCLUDES VALVES)
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3.2.3 Distribution Lines - Propellant distribution lines are sized to provide

minimum subsystem feed weight by optimizing line/valve weight, a function of fric

tion losses, and· engine weight penalty, a function of resultant chamber pressures.

Available pressure drop for the distribution network is known based on:

(1) 1!lirlimum main engine tank ·pressure over the entire mission duty cycle,

(2) pressure drop across the engine valves and injector, and

(3) design chamber pressures which sre assumed and then iterated to deter

mine the chamber pressure corresponding to minimum subsystem weight.

An engine valve and injector pressure drop of 2.0 lbf/in2 is estimated to

be the minimum acceptable value for good mixing performance and the avoidance of

low frequency stability coupling between the combustion process and the feed net

work. The available line pressure drop is distributed uniformly along the distri

bution· line length. Line diameters are then calculated for worst case conditions

using the empirically derived Fanning equation given in Reference (c) as:

l1p = KfL;,2/D5

where K a (32) (12)/7T2p

.•. D a 12 (.0075': ,inf )1/5
l1p p M

The Fanning friction factor (f) is graphically presented in Reference (c) as

a function of flow .rate and is mathematically represented as:

f = .0065 - .000515 Ln (~/M)

Worst case conditions are defined as maximum flow through the lines based on

the maximum number ·of engines that can be fired simultaneously and using maximum

gas temperature associated with major burn.

The distribution line thicknesses are first calculated· based on the hoop

stress equation using a safety factor (S.F.) of 2 and an ultimate strength(S) of

64000 lbf/in2a for aluminum.

The calculated thickness is then compared to minimum gage which is a function

of line diameters as shown in Figure 2-10. These di.mensions were obtained in a

survey of current aircraft, reported in Figure 3-8, and are primarily a function of

3-12
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fabrication and handling limitations. The line weight can then be calculated

knowing the length, diameter, thickness, and material density.

Line compensator weights were calculated in detail for both the selected

orbiter APS and booster APS baseline design using existing hardware as a guideline.

Compensator weight is, of course, a function of line length and diameter and thus,

line weight. From the baseline design analysis, compensator weight was found to be

approximately equal to line weight for both booster and orbiter. The detailed

weight breakdown can be found in Reference (b).

MAXIMUM MINIMUM

MODEL USAGE DIAMETER GAGE MATERIAL REMARKS

(INCHES) (INCHES)

F-4 ENGINE BLEED & 2.0 0.016 STAINLESS 0.020 MINIMUM HANDLING
VENT 4.5 0.020 STEEL

F-4 FUEL 3.0 0.035 STAINLESS
STEEL

F-4 AIR CONDITIONING 2.5 0.028 ALUMINUM MINIMUM BASED ON BENDING,
LINE PRESSURE = 25 PSI

DC-10 ANTI ICE 2.5 0.025 STAINLESS
0.035 STEEL

DC-10 PNEUMATIC BLEED, 6.0 0.025 TITANIUM TITANIUM USED TO SATISFY

ENVIRONMENTAL 400 TO 700oF THERMAL

CONTROL ENVIRONMENT

DC-10 FUEL VENTS 3.5 0.028 ALUMINUM 0.035 MINIMUM GAGE FOR WELDING

4.5 0.035

AIRCRAFT DUCTING SURVEY

FIGUPE 3-8
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MCDOPNNE&L DOUGLAS ASTRONAUrTICS COMMPANVY. EAer



LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM JVOLUME 1971VOLUME I

3.2.4 Valves - Both liquid and gas valves are required for the auxiliary pro-

pulsion subsystem. Cryogenic valves are required for the APS propellant tankage,

thermal conditioning, and liquid/vapor mixer. Gas valves are required in the

liquid/vapor mixer assembly and for engine isolation in the distribution network.

Engine propellant control valves have been included in the engine weight model as

discussed in Section 3.2.2. A survey of currently available cryogenic valves (in-

cluding ball, blade and solenoid) has shown that all valve weights can be repre-

sented as a function of flow diameter. For the selected gas isolation valve,

weight was also found to be a function of flow diameter. This valve is a visor

type, constructed of aluminum, and is actuated by a DC reversible motor drive with

clutch brake. Valve and actuator weights as a function of flow diameter are shown

in Figure 3-9.

The cryogenic valves can be represented mathematically by:

1.378
W = (2.43)D1 378

LIQ. VALVE

As seen from Figure 3-9, this equation is somewhat conservative for small flow

diameters. The equation representing the gas isolation valve weight is:

1.21447
WIS. VALVE = (1.59237)D1 2144 7
WISO. VALVE

3.2.5 Curve Interpretation - This subroutine model provides a curve fit of a

single independent variable utilizing either a least square curve fit of second

order or a Lagrange curve fit. The Lagrange Method is not used but was included

in the model since this was an existing subroutine. Specifically for the APS

program, the least square method is used to optimize the subsystem feed weight

(dependent variable) as a function of chamber pressure (independent variable).

The least square coefficients (C's) are returned in descending order to the main

program. There the optimum chamber pressure is determined as follows:

2
W FEED C Pc + C2 P + C3
FEED 1 c + 2 Pc

differentiating, dW/dP = 2C1 Pc + C2
2 2

and d2W/dP 2 = 2Cc 1

The optimum (minimum) chamber pressure exists at - C2/2C 1 when C1 is greater than

zero.
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3.2.6 Liquid/Vapor Mixer - The mixing assembly consists of a liquid injection

mixing chamber located in the propellant main distribution line, IRIS pressure

regulators, gas flow control valves, liquid throttle valves and liquid control

valves. A mixing assembly is required for both the fuel and oxidizer sides of the

subsystem. Mixing chamber physical characteristics (see Figure 2-7) and weights

are related to the maximum distribution line diameter since chamber size is a func-

tion of total propellant flow rate which also determines the size of this line.

The relationship is:

2
WCHAM)H2 = (.0339) (5.) (DH2)

WCHAM)02 = (.0635) (5.) (D02 )2

where the numerical valves are effective injector densities and injector length

(assumed constant at 5.0 inches).

For the IRIS type regulator, weights of different size units were obtained

from Lundy Electronics and Systems, Incorporated. Since these units provided slow

response, weights were adjusted upward to compensate for larger actuators. Inlet
2

design conditions are 25 lbf/in2a and 500*R. Regulator weights as a function of

flow rate are:

WREG)H 2 = 6.39142 (WH2) 0.401987

WREG)O2 = 3.66081 (W02) 0.401987

Liquid cavitating venturi throttle valve weights (including actuator weights) are

determined by means of a curve fit which relates weight to total liquid flow rate

and engine specific impulse. The curve fit is based on LEM descent engine valve

weights and orbiter APS valve baseline design weights. The mathematical rela-

tionship is: WL 1"1 ,.421

W = .0944 ( * Isp/100.) + 2.45 (W * Isp/100)TV LIQ Isp/ .
where the liquid flow rate is the combined fuel and oxidizer flow rates. Mixer

liquid flow rates are maximum when the temperature of the gas being removed from

the main engine tanks are at their maximum levels. The ratio of liquid to engine

flow rate is obtained by performing a mass and energy balance about the mixing as-

sembly which reduces to:

LIQ ENG = (hGAS - hENG) / (hGAS - hLIQ
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Typical hydrogen and oxygen liquid flow ratios are 0.78 and 0.48 respectively

for inlet gas temperatures of 600*R, and outlet mixer temperatures of 150*R (2)

and 200 0R (02).

Liquid and gas valve weight models have been presented in Section 3.2.4

Three liquid and two gas valves are normally assumed to satisfy shuttle reliability

requirements and each valve is sized to handle total flow required. In addition,

the fuel and oxidizer liquid flow rates are limited to 50 ft/sec and 30 ft/sec re-

spectively. As for the throttle valves, the liquid valves are sized for the maxi-

mum liquid flow rates based on inlet gas temperatures of 600* R.

3.2.7 Propellant Conditioning Assembly (Orbiter) - The heat exchanger design

characteristics (i.e., number of panels; number of tubes; and tube length, spacing,

and diameter) are obtained from the low pressure APS operational program (Reference

(d)) since: (1) the heat exchangers are mounted on the main engine tank walls and

heat removal affects internal gas temperature and pressure and (2) heat exchanger

requirements are strongly dependent on the mission duty cycle (propellant usage

rates) and also upon the maximum velocity increments performed by the APS. Typical

results from the operation program are shown in Figure 3-10 for the orbiter APS.

Shown are minimum main engine tank pressure and temperature as a function of heat

exchanger design characteristics. Selection of minimum design pressure and temper-

ature will dictate the heat exchanger design characteristics.

In addition to the tubing, the heat exchanger consists of tube attachment

flanges and rivets, liquid lines, manifolds and valves.

All line and manifold weights are determined in essentially the same manner.

Line sizes are based on maximum flow requirements associated with the maximum num-

ber of engines that can be fired simultaneously, i.e.

AL = MAXPv

Liquid line velocities are limited to 50 and 30 ft/sec for hydrogen and oxygen,

respectively. The liquid line flow is then equally divided among each heat ex-

changer panel to determine the liquid manifold size. Gas manifold flow rates and

thus sizes are based on utilizing four inlet ports (per manifold) to the main en-

gine tanks. Line thicknesses are evaluated based on hoop stress or minimum gage

limitations (program input). A safety factor of 2 and ultimate strength of 64000

lbf/in2 (aluminum) are used.

3-17
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Line lengths are simply:

LL = L1 + (N ) (L ); liquid lines

and

LM= STNT; manifolds

L1 is the distance from the APS storage tanks to the heat exchangers. The

above allows calculations of line weights from:

W = irDtLp

Valve weights are based on the cryogenic valve weight models presented in Sec-

tion 3.2.4. The number of liquid valves required is a function of reliability re-

quirements. Valves are sized to handle maximum flows.

3.2.8 Propellant - The quantity of propellant required to perform a specific

mission is determined as:

WH2 = ITOT/ISp/(MR+l)

W0 2 =(WH 2 )(MR)

The space shuttle mission dictates the total impulse required. The specific

impulse is determined at the thrust level, mixture ratio and expansion ratio of in-

terest and at the hydrogen and oxygen engine inlet temperatures associated with a

major burn (i.e., mixer outlet temperatures). The usable APS tanked propellant

weight is then obtained by subtracting the available main engine residual propel-

lants (a function of the shuttle mission) from the required propellant weights.

The available residual propellant weights are obtained from the low pressure APS

operational program Reference (d). The APS propellant tankage requirements are

then computed by combining the usable propellant weight with vent, boiloff, and

APS liquid residuals as discussed in Section 3.2.9.
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3.2.9 APS Propellant Tanks - The tank design consists of an aluminum pres-

sure vessel, polyurethane substrate (on the H2 tank only), cooling shroud, insula-

tion, protective fiberglass shell, and a propellant acquisition device. The model

also adjusts the usable propellant weight by including propellant themodynamic vent

and boil-off losses and liquid residuals. This gives the total propellant tankage

requirement which determines the tank size. Individual component weight models are

scaled from preliminary tank design points, corresponding to propellant weights of

1930 lbs. hydrogen and 5800 lbs. oxygen. The tank model is based on an 8 day shut-

tle mission.

The propellant vent and boil-off rates are a function of tank surface area

which is related to the propellant weight (A = fn (Wp)
2 /3). Only hydrogen is thermo-

dynamically vented through the cooling shroud of both the hydrogen and oxygen tanks.

Hydrogen vent rates are defined by heat inputs to the hydrogen tank which at the

design point, amounts to 81.7 BTU/hr. This value is made up of 72 BTU/hr through

the insulation and 9.7 BTU/hr through lines and supports. Designed to absorb this

heat input, the vent effluent has sufficient residual cooling capacity for oxygen

tank cooling. Scaled, then, on the bases of usable hydrogen weight, the vent rate

is:
2/3

w = [(WH 2/1
9 30)2/3 (72) + 9.7]/hv

Calculation of the vent rate permits calculation of the hydrogen vent requirements

based on an 8 day mission.

Reentry boil-off rates for both oxygen and hydrogen are scaled from the design

point by the surface area as:

3p pD

w BO ' (wD) (w p/(w p) D)2/

Combining the usable propellant based on mission requirements with the vent and

boil-off requirements, and adjusting for APS residuals gives the total tanked

propellant, i.e.

W (tanked) = W (usable) + W (vent) + W (boil-off)p P p p

Residual Factor

The residual factors for this tank design concept are 0.991 and 0.987 for the hy-

drogen and oxygen tanks.
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Tank volumes are based on tanked propellant requirements and 10 percent and

5 percent ullage allowance for the hydrogen and oxygen tanks respectively. Tank

volumes are:

V = (W (tanked)/pL) (Ullage)

which allows calculation of the tank radius and surface area for the spherical de-

sign. Tank wall thickness are calculated based on stress, safety factor of 2, and

ultimate strength of 64000 lbf/in2a for aluminum. For thin-wall spherical pressure

vessels the stress relationship is:

t = (p) (RT) (S.F.)/(2) (S)

Minimum wall gage is 0.04 inches based on fabrication techniques. The pressure

vessel weight may then be calculated knowing the tank surface area, wall thickness,

and material density. A 10% non-optimum factor is applied to these weights to ac-

count for bosses, welding, etc. Reference (e) suggests tank mounting weights of ap-

proximately 10 lb/ft diameter for oxygen tanks and 0.1 lb/ft
3 volume for hydrogen

tanks. The weight of the hydrogen tank polyurethane substrate is calculated based

on the surface area as:

WF = (AH2)T (tF) (I)

where the foam thickness and density are 0.42 inches and 2.5 lb/ft 3 .

The cooling shroud consists of aluminum tubes dip-brazed to an aluminum shroud.

The shroud characteristics for the design point are:

TUBE TUBE SHROUD VENT

SHROUD PASSES I.D. THICKNESS THICKNESS RATE

H2  14 0.105 in 0.01 in .005 in .45 lb/hr

02 9 0.105 in 0.01 in .001 in ---

For off-design cases, the number of passes is adjusted by the ratio of vent rates

which in effect holds the liquid velocity in the tube constant, i.e.

w /N = (w /N)
vv D

where the tube flow area is also assumed constant. Tube material cross-sectional

area including two attachment flanges (.188 long by .01 ins thick) is

7.36 x 10- 3 in2, and tube length is half the circumference of the tank. Tube

weight is then calculated as:

WCT = (ACS) (7) (RT) (N) (pAL)
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and the shroud weight as:

S = (AT) (t S ) (PAL)

Both hydrogen and oxygen insulation weights are based on surface area and

are calculated as:

WI = (AT ) (t I ) (pI) (1.1)

The insulation thicknesses are based on an eight day mission and are 0.68 and 0.97

inches for the hydrogen and oxygen tanks, respectively. Insulation density is
3

5.0 lb/ft 3. Insulation support weight is taken as 10 percent of insulation weight.

Likewise, the fiberglass protective shell weights are based on surface area

as:

WFG = (AT) (tFG) (G) (1.45)

The fiberglass design thickness and density are 0.02 inches and 0.067 lb/in 3 . Sup-

port weight is 45% of fiberglass weight based on design point calculations.

The propellant acquisition device is made up of three annular trays (screens)

connected to a collector channel (see Figure 2-3). The annular tray portion of the

component weight is related to the tank surface area and results in a unit weight

of 0.25 lbs/per square foot of tank surface area. This compares well to typical

values for double layer positive expulsion screens. The collector channel and inert

weight is about 17 pounds for both tanks. The acquisition device weight is then:

WAD = 17 + 0.25 A
The above component weights are summed to give the propellant storage assembly

weight excluding the pressurization subassembly. The sensitivity of tankage weight

to usable propellant weight and tank design pressure is given in Figure 3-11 for

both hydrogen and oxygen. Pressurization subassembly weight models are discussed

in the following section.

3.2.10- Pressurization Subassembly - The hydrogen tank pressurization model

consists of the helium required for prepressurization and three (3) motor driven

boost pumps. The quantity of helium required is based on the tank ullage volume

and the helium density evaluated at the tank temperature and helium pressure.

Helium pressure is computed from tank ullage pressure minus the hydrogen vapor pres-

sure. The propellant vapor pressures have been curve fit as a function of tempera-

ture using an Arrhenius type relationship:
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in PH2 = A + (Al) (TH2) + (A2)/TH2

and

in p02-= B + (Bi) (To 2 ) + (B2)/To0 2

where the coefficients are:

A = 5.61162 B = 16.6430

Al = 4.16704E-2 BI = -1.57154E-2

A2 = -163.182 B2 = -1855.15

The weight of the hydrogen pressurization subassembly is then:

(WPS H2 = (3) (Wp) + (VT) H 2 (Ullage) (pe)

Pump weight is assumed constant over the APS flow rates of interest and was obtained

from design data furnished by Pesco Products. Pump unit weight is 24.2 lbs.

The oxygen tank pressurization model consists of the helium required for the

total APS mission and a titanium pressure vessel. Helium is stored at 3000

lbf/in2a initially in a separate tank submerged within the oxygen tank. Final

helium storage pressure, at the completion of the APS mission, is 100 lbf/in a.

2
Regulators maintain oxygen tank pressure at 35 lbf/in2a. Helium tank requirements

are computed from conservation of mass as:

PHe)i VT) He PHe)f (VT)He + PHe) T (VT)02

rearranging gives

PHe) (VT)O 2
VT)H = 2

THe PHe) - PHe)

where

PHe)i is evaluated at 3000 lbf/in2a and TO2

and PHe) is evaluated at 100 lbf/in2a and TO2and

PHe)T is evaluated at PHe = (PT - P02) and T02

A survey of existing pressurant tanks was conducted to determine tank weight as a

function of tank parameters (Figure 3-12). As shown, tank weight is correlated to

burst pressure and volume. This correlation is:

LN(WT) = -12.939 + 0.9821 LN [PB(VT)He]
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Burst pressure for this application is 2.22 times the design pressure

(3000 lbs/in2a). The oxygen pressurization subassembly weight is then:

WPS)02 = EXP [- 12.939 + 0.9821 LN (PB (VT )He)] + V )He PHe)i

3.2.11 Properties - Many of the above component models require evaluation of

thermodynamic and transport properties of the gases. One of two different real

gas equations of state are used depending on the temperature of the gas. The

Strobridge modified Benedict-Webb-Rubin (BWR) equation of state is used for the

temperatures below 540*R; the Beattie Bridgeman (BB) equation of state is used above

540 0R.

The equation of state for para-hydrogen in the range 36 to 540*R and pressures

up to 5,000 psia was developed under a research project by the National Bureau of

Standards. This research experimentally determined the 17 constants needed for

the equation. Use of this equation allows the computation of fluid density as a

function of temperature and pressure. The region treated is the subcritical vapor

region and the compressed liquid region up to 540°R.

The modified Benedict-Webb-Rubin equation of state used for temperatures up to

and including 540*R is:

2 a4  a5  a6) 3 a ll al2 -a17P2
= aPT +P ala 2T + a3 +--+. +-- + P a7 alT + 

a  1T2 1- + l +
1 3 T T 2 T T 3 T4

+aT 4 + 5 (a 1 3  a14  a1 5  e-a 1 7P 2  6+aT + P5 -+ T--- TT e  + al6 6

9 T 2 T 3 T 41

where P = gas pressure, atm

T = gas temperature, OK

P= density, g mole/liter

The coefficients A to A17 are specified in two groups for regions designated as

either vapor or liquid. Combinations of temperature and density identify the two

regions. The coefficients for parahydrogen are:
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VAPOR LIQUID

A = .8208199823 x 10+2 A = .8208199823 x 10+2
1 +2 12

A = .2062278898 x 10 A = .6374020840x 10+ 2

2 +6 26
A = -.1292792029 x 10+ 6  A = -.3539180407 x 10+ 6

3 +7 3+7
A = -.7237230137 x 10+  A = -.4810952457 x 10+7

A = .1159242745 x 10+  A = .9127883349 x 10+8
5 5

A6 = -.1010879875 x 10+ A6 = -.8816106422 x 10+0
6 +3 6+4

A = .3176293970 c 10+  A = -.1283735749 x 10+4
7 7

A = .2581305967 x 10+ 7  A8 = .8076213444 x 10+ 7

81+7 87
A = .2410669065 x 10+ 6  A = .1425160973 x 10+ 7

9 +11 91
A = -.1070380625 x 10 AI = .6410245277 x 10+10
10 +13 10+1
A = .1016369054 x 10+1 3  A 1 = .1085162913 x 10+ 12

A = .1938431002 x 10+ 14  A = -.2930340262 x 10+ 13

+13 +13
A 3 = .3857308627 x 10 A 3 = -.5235483345 x 10+13

.13+15 13+15
A14 = -.6757463236 x 10+15 A = -.2551114380 x 10+15

14 14
A = .1462114653 x 10+ 1 1 A = .4732799310 x 10+16
15 15

A = .5254992259 x 10 A = .3522327774 x 10+1
16 1+116
A7 = .1800100800x 10 4  A7 = .1800100800 x 10+ 4

17 17

The coefficients for oxygen above 153 0R are:

A1 = 0.820797 x 10-  A = 0.12473562 x 104
-1 10

A = 0.36684115 x 10 A = -0.61007363 x 105

A = -0.10091340 x 101 A = -0.46185178 x 107

A = -0.59581958 x 102 A 2 = -0.10379526 x 101
4 13

A = -0.39091633 x 104  A = 0.66183734 x 103
5 815
A = 0.12405065 x 108 A = -0.22051320 x 105

A = 0.87258515 x 103 = 0.73071820 x 106
7 -1 16 -2

A = -0.11885929 x 10 A = 0.37656816 x 102
8 17-5
A9  = 0.29165708 x 10
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Below 153*R and 150 atm the following equation of state is used for the liquid

oxygen.
2

P= a + a2T + a3 2 + (a4 + a5T)P

where the coefficients are:

a1 = 0.48926 x 102 a5 = 0.91185 x 10- 4

a2 = -0.15300

a3 = 0.66752 x 10 - 4

a4 = -0.17219 x 10-2

The evaluation of pressure is a direct substitution of the values of density and

temperature in the BWR state equation.

Temperature and density equations involve a method of successive approximations

in which a sequence of trial values is generated by a Newton type iteration:

P(T ,P) - P

T =T - n
n+l n  P

--T n'P)

P(T, P) - P
n

" ': Pn~l = Pn- P
' - (T, P

n

Indicated partial derivatives are formal evaluations of derivatives of the state

equation.

The values of iterants are governed by algorithms that recognize the behavior

of the particular function and its derivatives in the region of interest. This

technique prevents values from exceeding the range indicated by the region finding

process and guarantees convergence.

For gas temperatures above 540*R, the Beattie Bridgeman equation of state is

used to evaluate the thermodynamic properties of interest. The Beattie Bridgemen

equation of state can be written as follows:
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RT(1-E) (v+B) A
P = 2 (+)- -n

22
V V

where: P = gas pressure, atm

T = gas temperature, oK

v = gas specific volume, liter/g mole

R = gas constant = .08205 atm liter/g mole OK

A = Ao (1 -a/v) liter
2/g mole2

B = Bo (1 -b/v) liter/g mole

E = c/vT3

and, constants (Ao, Bo, C,a and b) are tabulated below.for the gases

of interest.

Constants of the Beattie-Bridgemen Equation of State

Gas A a B b 104 c
o o

Helium 0.0216 0.05984 0.01400 0.0 0.0040

Hydrogen 0.1975 -0.00506 0.02096 -0.04359 0.0504

Oxygen 1.4911 0.02562 0.04624 0.004208 4.80

The Beattie Bridgenian equation is implicit in pressure; thus, an iterative technique

is required to determine the gas specific volume for any given pressure and tempera-

ture. The iterative technique operates to continuously solve for gas pressure,

using refined estimates of gas specific volume, until the calculated pressure con-

verges to within a specified tolerance of the given pressure. The program then

converts the resultant specific volume to density. To provide an initial estimate

of specific volume, an approximate solution of the equation of state is used which

is implicit in specific volume. This approximate form is:

v = (7r+B) (1- e ) - A/RT

where 7r= RT/P and the other parameters are as

defined previously.
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The specific heats (C and C ) of real gases are determined by accounting for
p v

their variation with temperature and pressure. A fourth order curve fit is used

to define the ideal gas specific heat as a function of temperature. The pressure

effect on the specific heat is then evaluated. The relationship for the real gas

C is:
V

iU 
62

C = C0  + T dv
viT,v VT T2

The parameter CVT is the ideal gas specific heat. This function is evaluated by

using the ideal gas CpT data in conjunction with the ideal gas relationship

C0 . C -LR. The Co is obtained from a polynominal fit of available data from
VT PT PT

100 to 2000 0 K. V 2

The second term of the equation, _ dv, is the effect of pressure on

the specific heat. This term is evaluated by performing the appropriate operations

(partial derivative, etc.) and evaluating the integral from a low pressure

(P--0, v-.-P-oo), to the specific volume (v) corresponding to the input pressure and

temperature. These operations yield the following relationship for the second

term:

T dv K6Rc 1 + _B+
2j 3 2+

TT 3v 3v 2)

where K is a unit conversion factor.

The C of a real gas is defined by the following relationship:
p

C = CV - T TP

C0 is defined above and the second term was evaluated by performing the appropriateV

,operations on the Beattie-Bridgeman equation.

The enthalpy of a real gas is determined by accounting for.the variation of

enthalpy with both temperature and pressure. This is accomplished using the follow-

ing property relationships.
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h =u + pv

= fdu +pv

where h = enthalpy

p = pressure

v = specific volume for a real gas

and fdu= oTCOVTdT + fV[T -P] dv
v

0 v

therefore, h = pv + T C VdT + [ T(P -P] dv

T 00 3 v

where h is the sensible enthalpy of a real gas evaluated from a referenced state of

OOK.

Since the CVT function was curve fitted from data limited to a minimum of

100 0K, the integral of CVT from OoK may, for some gases, introduce an error;

therefore, the equation is written as:

T

h = pv + 0 CVT dT + U100 + I T v-Pdv

IT C - TC °

where ul00  o v T dT - v dT Thus, u1 00 is the internal energy of a perfect
1100T  10

gas at T = 100 0 K, since the C' function is based upon ideal gas data.
vT

3.3 Special Options - In the APS definition study component models were de-

veloped to perform subsystem weight and trade-off studies, and to finally identify

preferred approaches in baseline design points. These selected subsystems are

described in Sections 2.1 and 2.2.

Options have been included in the program to bypass specific assemblies such

as propellant tankage and pressurization, heat exchanger, and liquid/vapor mixer

for specific APS configurations not requiring these components. Propellant tankage

and heat exchanger assemblies may be bypassed for fuel (or oxidizer) alone. Various

distribution assembly configurations may be investigated with the program includ-

ing variation in line length, number of engines per line, number of lines, and

number of isolation valves, all of which are included as input data to the program.
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3.4 Variables - A brief description of each variable used in the above models

is listed below unless the variables are defined in the discussion.

VARIABLE DESCRIPTION

A Area

C, C2, C3 Least squares curve fit coefficients

C* Specific impulse curve fit coefficient (thrust
and mixture ratio effects)

CE Specific impulse curve fit coefficient (expansion
ratio effect)

CF  Specific impulse curve fit coefficient (thrust
effect)

CMR Specific impulse curve fit coefficient (mixture
ratio effect)

2 Specific impulse curve fit coefficient (H2 inlet
temperature effect)

CT Specific impulse curve fit coefficient (02 inlet
02 temperature effect)

D Diameter

f Fanning friction factor

F Engine thrust

FFCI Fuel film coolant required per engine

G Specific impulse curve fit coefficient (mixture
ratio effect)

h Enthalpy

Isp Specific impulse

,TOT Total APS impulse required

K Numerical constant in Fanning equation

L Length

L Liquid line length, APS tanks to heat exchanger

M Molecular weight
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VARIABLE DESCRIPTION

MR Engine mixture ratio

N Number of passes in cooling shro.uad, APS tanks

Np Number of panels per heat exchanger

NT Number of tubes per panel, heat exchanger

P,p Pressure

R Radius

S Ultimate strength of material

SF Safety factor

ST  Tube spacing, heat exchanger

t Thickness

T Temperature

v Fluid velocity

V Volume

W Weight

W( ) Engine weight curve fit coefficient (expansion
ratio effect)

W(F/Pc) Engine weight curve fit coefficient (thrust/

pressure ratio effect)

WFlow rates

GREEK LETTERS

A Delta or change

E Nozzle expansion ratio

p Density

SUBSCRIPTS

AD Acquisition device

AL Aluminum

B Burst
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SUBSCRIPTS (Cont.)

BO Boil-off

C Chamber

CN Chamber nominal

CS Cross-Section

CT Cooling Tubes (cooling shroud), APS tanks

D Design point

ENG Engine conditions

f Final conditions

F Foam, polyurethone substrate, H2 APS tank

FG Fiberglass protective covering, APS tanks

H2  Hydrogen propellant

He Helium

i Initial conditions

I Insulation, APS tanks

L Line, Liquid

M Manifold

N Nominal conditions

p propellant, panel, pump

PS Pressurization subassembly

REG Regulator

S Shroud (cooling), APS tanks

T Tanks, APS propellant

TV Throttle valves, liquid/vapor mixer

v Vaporization, vent rate
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4. SOLUTION AND PARAMETRIC EFFECTS

4.1 General - A sample case is included for an orbiter auxiliary propulsion

subsystem. The sample includes determining the subsystem/component weights of

the selected baseline and evaluating its sensitivity to design and performance

requirements. Booster APS input is also discussed to indicate program options

available to bypass specific components. A detailed discussion of program input

and output requirements may be obtained from Volume II as well as a definition of

program variables. In general, input consists of three namelists titled LINE,

VALVE, and LOWPC and one printout indicator. A discussion follows on the input

data required, where obtained and range; and also sample case output.

4.2 Input Data (Orbiter) - The orbiter APS will for most mission duty cycles

require all subsystem components including propellant storage and pressurization,

heat exchangers and liquid/vapor mixers. Orbiter sample data is tabulated below

for each namelist.

LINE - A typical propellant distribution network to be modeled is shown in

Figure 2-9. Due to the network complexity, an exact model can not be described.

Simplification of the network, forward of the main engine tank, is shown in

Figure 4-1. The simplified network physical characteristics are inputed using

the LFN(I,J) array as follows:

SLFN(I,l) LFN(I,2) LFN(I,3)
Length, Ft No. of Engines Firing No. of Lines

124.0 10 0

12.5 6 2

12.5 6 1 AFTAFT
1.5 3 2

7.5 1 6

LMAX(l) = 158.0

35 8 0.5
4 3 3
8 3 6 FORWARD

8 1 15

0 1 0

LMAX(2) = 55

It should be noted LFN(I,2) is the number of engines firing based on mission re-

quirements and not the total number of engines on the line segment. In addition
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for this specific case, no weight penalty is paid for the main distribution line

since the existing main engine tank pressurization line is used; therefore LFN(1,3)

is set equal to zero. The remaining data required for this NAMELIST is LMAX(1) and

LMAX(2), the total length of the aft and forward lines. As noted in Volume II,

the network (either aft or forward) with the largest value of LMAX must be placed

in the first five lines of the LFN array.

VALVE - The VALVE namelist requires knowledge of the distribution network

isolation valve locations (Figure 2-9) and the APS reliability requirements.

NAMELIST data is input via a 10x2 array FN(I,J) which requires the number of

isolation valves and number of engines firing per valve. Inspection of Figure 2-9

gives the input data required as:

FN(I,l)
No. of Engines FN(I,2)

Firing No. of Valves Remarks

10 2 Pressurization line by-pass valves,

two required for redundancy

9 0

8 0

7 0

6 0

5 0

4 2 Pitch/roll engine rings, 1 aft and

1 forward

3 3 .2 for +X engines and 1 for -X

engines

2 6 2 for yaw engines (1 aft, 1 forward)
4 for pitch roll engines (2 aft, 2
forward)

1 13 6 for +X engines
3 for -X engines
4 yaw engines (2 aft, 2 forward)

It should be noted, the engine valves are included in the engine weight model.

LOWPC - The LOWPC namelist requires knowledge of the space shuttle configura-

tion and mission requirements, and additional information obtained from the low

pressure APS operational program Reference (d). This program simulates the mission

duty cycle. The NAMELIST variables are listed on the following pages -giving the

design point values, sensitivity values and information source.
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Value

Variable Units Sample Case Sensitivity Remarks

F lbf 1000 500-3000 Vehicle design
requirements

XNET -- 33 -- Vehicle design
requirements

XNEF -- 10 -- Vehicle design

requirements

TOTI lbf-sec 3x10 6  1.5 to 13x10 6  Mission require-
ments and APS/OMS
velocity split

TGASH2 OR 150 100-600 Exit conditions of
mixer design

TGAS02 OR 200 200-600 Exit conditions of
mixer design

XMR -- 3.0 2-6 Engine design mixer
ratio

EPS -- 8 2-15 Model definition

TTMAX OR 200 200-600 Corresponds to
mixer temperature,
major APS burn

PTH lbf/in 2a 20 15-40 Minimum value used
that occurs during
mission-obtained
from operational
program

PAPSH lbf/in2a 40 35-60 Maintain 20 lbf/in2a
pressure drop from
APS tanks to main
engine tanks-obtained
from operational pro-
gram

PTO lbf/in2a 20 15-40 Same as for PTH

PAPSO lbffin2a 35 30-55 Same as for PAPSH
except 15 lbf/in 2a
pressure drop

DELPM lbf/in2a 14 -- May be varied to
ensure obtaining an

optimum chamber
pressure, can not
exceed tank pressure
minus PAINJ
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Value

Variable Units Sample Case Sensitivity Remarks

PAINJ lbf/in2a 2 -- Engine design point

NPRTPC -- 1 0 or 1 Controls printout of
chamber pressure op-
timization

PLOAD lbf/in2a 17 -- APS tank loading
pressure

TUBDH in .298 -- All heat exchanger
characteristics

TUBDO in .394 -- obtained from op-

TUBSPH in 10 -- erational program
since requirements

TUBSPO in 4 -- are dependent on

TUBLGH ft 15.0 -- mission duty cycle

TUBLGO ft 17.5 --

XNTUBH -- 62 --

XNTUBO -- 154 --

XNOPH -- 4 --

XNOPO. -- 2 --

WPRCNH -- .50 0 to 1 Operational program

WPRCNO -- .73 0 to 1 Operational program

TIPRCN -- 1 0 or 1 Allows for bypass of
heat exchanger

RITO -- 1 -- Allows for bypass of
impulse dependent
components if zero

WRH2 lbm 0 -- Operational program

WRO2 lbm 2200 -- Operational program

IEND -- -- -- Controls case data

Key punch instructions for the above data are shown on FORTRAN coding forms

(Figure 4-2) followed by sensitivity data for thrust, impulse, mixture ratio,

expansion ratio, and tank pressures. A listing of this data is giving in Figure 1-4

of Volume II. It should be noted, a printout indicator is required following the

three input namelists. If indicator is zero (blank card), full printout of sub-

system and component weights are obtained; while if the indicator is set equal to

one (Column 3 of card), suppressed printout of subsystem weight is obtained.
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4.3 Input Data (Booster) - In general, the booster APS will not require ad-

ditional propellant capability since sufficient residuals remain in the main

engine tanks following boost. Hence, APS propellant storage assemblies, pressuri-

zation subassemblies, heat exchangers, and liquid/vapor mixers are not required.

Total impulse required from an APS propellant storage assembly is zero. The input

variable TOTI is set equal to one (1.0) to avoid a fatal error in the PRESYS Sub-

routine (logarithm of zero), but still results in computing zero weights for

propellant, tankage, and pressurization assemblies. Heat exchanger and liquid/

vapor mixer assemblies are bypassed by setting TIPRCN = 0 and RITO 
= 0 respectively.

Thus, no heat exchanger design characteristics are required and these variables

may be set equal to zero. Remaining data in the LOWPC namelist, as well as for

the LINE and VALVE namelists, would be obtained following the same procedure

given for the orbiter case. A listing of booster input data is included in

Figure 1-4 of Volume II.

4.4 Output Data - Orbiter APS sample case results are tabulated in Figure 4-3

and 4-4. Figure 4-3 gives assembly/component weights, total subsystem weight, and

optimum design parameters for the selected sample case while Figure 4-4 shows the

linear sensitivities of this selected design to various mission and design re-

quirements. Program printout for this case is listed in Volume II, Figure 1-8.
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SUBSYSTEM DESIGN PARAMETERS

2
OPTIMUM CHAMBER PRESSURE, lbf/in a 14

OPTIMUM MIXTURE RATIO 1  3

OPTIMUM EXPANSION RATIO 1  8

MAXIMUM LINE SIZE, INCHES 02 8.2

H2  8.7

ENGINE SPECIFIC IMPULSE, SEC 373

SUBSYSTEM WEIGHT
WEIGHT,LB

COMPONENT (NO) 0 H
2 2

PROPELLANT 3927 2147

PROPELLANT STORAGE ASSEMBLY 187 596

PRESSURIZATION SUBASSEMBLY 12 84

PROPELLANT CONDITIONING ASSEMBLY 461 335

LIQUID/VAPOR MIXING ASSEMBLY 122 134

DISTRIBUTION ASSEMBLY

LINES AND COMPENSATORS 295 316

ISOLATION VALVES (24), BYPASS 207 223
VALVES (2)

ENGINE ASSEMBLIES

ENGINES (33) 2352

PNEUMATIC SUBASSEMBLY 181

TOTAL (11579)

1 Evaluated from sensitivities FIGURE 4-4.

ORBITER APS DESIGN AND WEIGHT
SAMPLE CASE

49 FIGURE 4-3
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VARIABLE SUBSYSTEM

PARAMETER- NAME UNITS RANGE WEIGHTS-LBS

THRUST F LBF 500 .10318
1000 11579 1
2000 13357
3000 15238

IMPULSE ITOT LBF-SEC 2x10 6  8618
3x10 6  11579 1
4x10 6  14519
5x10 6  17457

MIXTURE XMR -- 1 12565

RATIO 2 11613
3 11579 1,2
4 12029
5 12662

EXPANSION EPS -- 2 12614

RATIO 4 11816
6 11607
8 11579 1,2
10 11592

MAIN ENGINE PTH LBF/IN 2A 15 12238

TANK PRESSURE 20 11579 1

(HYDROGEN) 30 11467

MAIN ENGINE PTO LBF/IN 2A 15 12237
TANK PRESSURE 20 11579 1

(OXYGEN) 30 11433

1 Design Point

2 Optimum

ORBITER APS WEIGHT SENSITIVITIES

SAMPLE CASE

FIGURE 4-4
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ABSTRACT

This report documents a design and sizing computer program used in support of

the Space Shuttle Low Pressure Auxiliary Propulsion Subsystem (APS) Definition Study

(Contract No. NAS 9-11012). The study was performed for the National Aeronautics

and Space Administration, Manned Spacecraft Center (MSC), Houston, Texas.

This is Volume II (Program Manual) of a two-volume report which documents the

design and sizing computer program. Volume I contains a complete technical descrip-

tion of the APS including a description of subsystem operation; subsystem/assembly

design descriptions; delineation of the engineering analysis equations, including

substantiation of data; and sample cases showing program input/output. Volume II

(Program Manual) contains a program description and defines internal program nomen-

clature including a description of variable names, detailed flow charts, and a

program listing. The computer program evaluates APS weight for prescribed design

parameters and sizes the APS and its components. Component and assembly models are

included for liquid propellant storage; pressurization subassembly; propellant con-

ditioner; liquid/vapor mixer; propellant distribution network, including valves;

and engine assemblies. In addition, engine performance and propellant property

models are included. An iteration scheme is included for optimizing APS feed com-

ponent weights as a function of engine chamber pressure. Total subsystem weight

as well as component weights are included in the program output. APS design points

and sensitivities to design parameters and mission requirements can be obtained from

the program.
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1. PROGRAMMING

1.1 Program Description - This computer program was written to facilitate

design and sizing of a low chamber pressure APS. It can also be used to evaluate

design point sensitivities to design parameters and mission requirements.

The APS physical model simulated by the program is defined in Volume I of this

report. Basically, the APS design uses the space shuttle main engine tanks as low

pressure gas accumulators. These tanks supply gaseous oxygen and hydrogen to the

APS engines. For the orbiter, propellants from separate liquid storate tanks are

used for main engine tank resupply. These propellants are first circulated through

tubular, passive heat exchangers where they are vaporized and superheated prior to

injection into the main engine tank. During major APS burns, warm propellant vapors

from the main engine tanks are mixed with liquid propellants (from the APS tanks)

in a downstream liquid/vapor mixer. The propellants are then supplied to the

engines at constant temperature and pressure via a propellant distribution network.

The booster APS requires no additional propellant storage since sufficient propel-

lant residuals are trapped in the main engine tank, and it operates in.a simple

blowdown mode.

A block diagram of the computer program is shown in Figure 1-1. The program

consists of a main deck and subroutines which model the various components. The

main program provides executive control, controls input/output and an iteration scheme

which optimizes feed component/engine weights as a function of engine chamber pres-

sure. Component models have been included for engine and pneumatic assemblies,

distribution lines and valves, liquid/vapor mixer, passive heat exchanger, liquid

propellant tanks and pressurization assemblies. Subroutines are also included'

which model engine performance, perform curve fits and calculate gas properties.

Input to the program consists of three namelists and one indicator. The

three namelists define (1) distribution network physical characteristics (2) valving,

and (3) APS design and performance data. The indicator controls program output,

i.e., either full printout of total subsystem and component weights or suppressed

printout of subsystem weight only.

Program synthesis is accomplished by the combination of an array of components

which are dependent on the rate of flow alone (feed system) and an array of com-

ponents which depend on total impulse requirements. The feed and impulse dependent

component weights are then combined for program printout. A simplified program flow

chart is shown in Figure 1-2.
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SUBROUTINE ENGISP
MAIN PROGRAMI P A Calculates engine per-

o Reads Input Data I formance (ISP)
o Initializes Variables I-
Io Calculates optimum chamber SUBROUTINE ENGINE

pressure (Pc Calculates engine/
_ _ __pneumatic weights I

ISUBROUTINE XLINE I
Calculates line and
compensator weights

I]I SUBROUTINE VALVES FEED
Calculates valve COMPONENTS

o Selects optimum Pc and re- weiqhts
calculates feed component I
weights SUBROUTINE INTERP

Curve fit of feed
wght versus Pci

o Totals feed weights "SUBROUTINE MIXER
Stl Calculates mixer weight  I

I [I L]
I II I SUBROUTINE PASHEX

Calculates heat ex-
changer weights

I SUBROUTINE PROPEL
e I Calculates total APS

o Adjusts propellant weights I propellant weights
for residualsfor residuals SUBROUTINE TANK iSTORAGE

Calculates tank weights COMPONENTS
I(includes boil-off, in- COMPONENTSl[J'l i I mil, - r).

a Totals weights I SUBROUTINE PRESYS

Calculates pressuriza- I
tion subassembly weightL ___ _____

10 Continues evaluation for SUBROUTINES PROFH2,

I additional cases I PROF02, PRPHOH

io Prints output data Calculates propellant
L properties

PROGRAM COMPUTATION DIAGRAM

1-2 FIGURE 1-1
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START
A

Read in namelists of C

input variables 0
STORAGE COMPOENT

Print title headings rae C
New Tank Temperature

New Tank Pressure New APS Tank Pressure

SCalculate engine specific

New Mixture Ratio impulse

New Expansion Rati Components
-FFoTJ-Feeds Calculates weight of Heat

e mp Exchanger

--I New Thrust Level I Exhne
I INew Total Impulse

-New Maximum Tank Temperature I iII I

New Chamber Pressure Calculate weights of Propel-

New Chamber Pressure lant, APS Storage Tanks, and

Calculate engine specific 
Pressurization System

impulse (used for flow rate _- ____ -- --- --
I calculations) New Thrust Level -

I Calculate weights for e
i Engines, Lines, and Valves New Maximum/Mean Tank

' 'Temperature

Interpolate for optimum New Total Impulse
chamber pressure I
i I lCombine feed and storage

Recalculate engine, line, 
subsystems

and valve weights for opti-
mum chamber pressure Print system weight data

I1

Calculate weight for Mixer

Yes

Print individual com-
ponent data

FLOW CHART

APS DESIGN AND SIZING COMPUTER PROGRAM
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

The program is written in FORTRAN IV language and is operational on the Control

Data Corporation (CDC) 6600 computer. Run time for a design case and complete sen-

sitivity to design and performance requirements requires about 20 seconds of machine

time.

All variables used in the program, their type (real or integer), routines in

which they are used, units of the variable and variable definition are tabulated in

Figure 1-3.
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LOW PRESSURE APS DESIGN AND SIZING 1 JUNE 1971

aCOMPUTER PROGRAM VOLUME II

VARIABLE TPE ROUTINE UNITS DESCRIPTION

0 MAI., PROP, QY-PASS PATIO TO HEAT EXCH.

, 1113 DUMMY VARI APLE

CN MA T LBr/IN**2 MAXI'UM PPESSURE BUDGET IN FEED LINE

PH2 0 MAIN INICHrFS MAXIMUIIM EED LINE DIAMETER-12 SIDE

PH2 0 VALVE

nH2 0 MIYER
n o MAIN INCHES MAXIMJUM FEED LINE DIAMETER-02 SIDE

? P VALVE

r'2 o MIvFR
Fo 4 MAIN NOZZLE EXPANSION RATIO

rPS FENGI SO
cDC FNrINF

r o MAIN LFF THRUST LEVEL rER ENGINE
cR Pt!G I Ko

C o ENGINE
C P XLTN

r p MIYFPR

P P DASHcx
SMAIN APpAv TO STnRF VALUES OF NUMBER OF

V.ALVE FNGINES aIPING AND NUMBER OF VALVES

S' MA IN CnMMON BLOCK NAME
cP PASHEcX

I I MAIN INDEXING VARIABLE

I XLINEF

I I VALVE
ND I MAIN CASE CHANGE INDICATOR

I MAIN NUJMER OF EPS DATA PCINTS

TC I AI NUMBER O THRUST (F) DATA PCINTS

Ir I DASH Y
IT I MAIN NUMPEF O MAIN ENG TANK PRESSURES

IT I OASHFX
!L I "IN INDOXING VARIABLE FOR HEX PPINTOUT

ImP I MAIN ,tJNUMBe lF MIXTURE RATIC DATA POINTS
IMP I PASHCX

Nr I MAIN INr.X CONTPPL ON PROGRAM PRINTOUT

TOAD I MA!N NUMPEP OF APS TANK PRESSURES-02 SIDE

IPADS I M AI ! NUMPCR Ic API TANK PPESSURFS-H2 SIDE

OTO I MAIN NUMPPR Or MAXIMUM MAIN ENG TANK PPES

I TGA I I MJ ,'\UMPF9 n F ENGINE INLET TEMPEPATURES

ITT'AY I MAIN MUPP Fn MAXIMUM GAS TEMP DATA PTS

ITMTI I MAIN NUNMPF nF TOTAL IMPULSE DATA PCINTS

TI I MAIN NUMPFR Oc MAXIMUM GAS TEMP DATA PTS

T2 I MIN NUMBER E nO THRUST DATA PCINTS

13 1 MAINI NUMPER Oc XNEF DATA PCINTS

14 1 M AIM NUMBER OF TOTAL IMPULSE DATA PCINTS

j I MAI N! INDEXING VARIABLF

I XLINC

FIGURE 1-3
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME11

VARIABLE TYPE ROUTINE UNITS DESCRIPTION

JJ I MAIT N' NIuMPcp n MAIN FNGr, TANK PPESSURES

JJ I PASHCY
JL T MAIN INDFXING VAoIAFLE

K T MAIN INnEXING VARIABLE
K I MAIk' INDFXING VARI ABLE
VI I MAIN INDEXING VARIARL F

LCN R MAIN A.nAY TO STnRE VALUES CF LINE

XLINE LENGTHS,N O0 ENGS,AND NO CF LI'!ES

LP 1 M6IN HeAT EXCH STORAGE APRAY SUBSCRIPT

ILTNr- I MAIN NAM E nF DISTRIBUTION LINE NAMELIST
LINF I XLINF
LMAX P MAIN ARRPPAY TO STORE TOTAL LENGTF CF AFT

XLINC AND FORWARP DISTRIBUTICN LINES

Lnwor I MAIN NAME OF DEFSIGN DATA INPUT NAMELIST

M I MAIN INDEXING VARIABLE FOR LINE POINTOUT

MM I MAIN INDEXING VARIABLE FCQ LINE PRINTOUT

N I MAIN I rNDEXING VARIABLE

NQP .I MAIN VAPIARLE NOT USED

NQ ' D  I MAIN NUMBER OF BOOST TANK PRESSURES

NCS I MAIN INDEXING VARIABLE FOR HEAT EXCH.

NDOPTC I MAIN CONTROLS PPINOUT OF CHAMBE o PRESSURE
ITERATION SCHFME

N1 I MAIN INDFX PARAMETER THRUST

NI0 I MAIN INDEX PARAMETER ON APS TANK PRESSURE
N? I MAIN INDEX PARAMETER ON TCTAL NC CF ENGS

N4 I MAIN INDEX PARAMETER ON TOTAL IMPULSE

NC I MAIN INDEX PARAMETER ON INLET GAS TEMPS

N I MAIN INDEX PAPAMFTER ON MIXTURE RATIO

N7 I MAIN INDEX PARAMETER CN EXPANSICN RATIO

NI I MAIN IND X PARAMETER ON MAIN TANK PRES

N9 I MAIN INDEY PARAMETER ON MAXIMUM GAS TFmP
PAINJ P MAIN LFr/TN**2 PRESSURE DROP ACROSS INJECTCP/VALVE

PAD~H P MAIN LPF/INl*2 APS PROP TANK DESIGN PRESSURE-H2
OAOsn p MAIN LPF/IINI**2 APS PROP TANK DESIGN DRESSURE-02
of p MAIN LPF/IN**2 ENGINE CHAMBER PRESSURE

or' P ENtwINE

PD ) MAIN LBF/IN**? ENGINE CHAMPFP 1RESSURE-ITEPATION

SCHFME,USEP IN INTERP SUBROUTINE

PLAD R MAIN LPF/IN**2 APS PROPELLANT LOADING PRESSURE
pocSS D MAIN DUMMY VARIABLE IN COMMON
oD S Q XLINF

PT R MAIN LRc/IN**? MAXIMUM OF H2 OR 02 MAIN TANK PRES

OTH p MAIN Lr/IN**? MINIMUM MAIN ENGINE TANK PRESSURE-H2

PTn q MAIN LPFIIN**2 MINIMUM MAIN ENGINE TANK PRESSURE-02
OTT Q MAIN LEP/IN**2 MINIMUM OF H2 OR 02 MAIN TANK PRES

c Tn. p MAIN RATIO OF INPUT FLOW TO OUTPUT FLOW-
QTfn P PfSHEX

PASHEX MAIN ENGINF TANK

1-6
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398

COMPUTER PROGRAM VOLUME II

VARIABLE TYPE ROUTINE UNITS DESCRIPTION

Tr-MP P MAIN DUMMY VARIARLF IN COMMON

TF"o R XLINE
TGASH2 0 MAIN DrG PR NGINE INLFT TFMPERATURE-H2 SIDE

TGASr'2 R MAIN )EG P  ENGINE INLET TEMPERATURE-02 SIDE

TH2 R MAIN DFG R H2 SATURATION TEMPERATURE AT PLOAn

TIPQRCN R MAT t  TITAL IMPULSE PERCENT CCNDITICNED

TIPPCN R PASHEX
T.)TI R MAIN TOTAL IMPULSE REQUIRED FROM APS

TOTI R PROPEL

Tf2 P MAIN DEG P 02 SATURATION TEMPERATURE AT PLOAD

TO H R MAIN FT*-*2 TOTAL PANEL AREA H2 HEAT EXCHANGER

To AH P PASHEY

TPAO P MAIN cT**2 TOTAL PANEL AREA 02 HEAT EXCHANGER

TPAO o oASHFX

TTMAX R MAIN PEG P TEMPERATUPF TANK(MAIN ENG) MAXIMUM

TUBOH R MAIM I,'w TUBE DIAMETER H2 HEAT EXCHANGER

THrPH R OASHEX

T(JDO0  0 MAIN INS TUBE nIAMETFR 02 HEAT EXCHANGER

TU!. D.0  P PASHEX

TUJRBLGH R MAIN FT TUBE LENGTH PER PANEL H2 HEAT EXCH

TU BLGH R PASHEX

TURLGO P MAIN FT TUBE LENGTH PER PANEL C2 HEAT EXCH

TUIJBLGO P PASHEX

"rIBSPH P MAIN INS TUBE SPACINr. H2 HEAT EXCHANGER

TUBSPH R PASHEX
TIBSO p MAIN INS TUBE SPACING 02 HEAT EXCHANGER

TIIPSPO R PASHEX

TWTHSC R MAI N  VARIABLE NCT USED

TWTOrC R MAIN VARIABLE NCT USED

VALVE 0 MAIN NAME OF VALVE DATA NAMELIST

VALVE R VALVE
wr P MAIN LRM THRUST DEPENDENT CCMPONENT WEIGHTS

WFEO MAIN LBM WEIGHT OF ENGINES,LINES AND VALVES

FOR CHAMBEP PRESSURE OPTIMIZATION

W P MAIN LBM WEIGHT OF ENGSLINES AND VALVES USED

IN INTERP SUBROUTINE

wGGSC o MAIN VAPIABLE NOT IUSED

WHEXH 0 MAIN LBM WEIGHT OF H2 HEAT EXCHANGER

WgXpH p PASHEX
PWHm P MAIN LBM WEIGHT OF 02 HEAT EXCHANGER

WHEXO P PASHEX

WH2 P MAIN LBM H2 PROPELLANT WEIGHT

WH2 R PROPEL
WH? p TANK

WI p MAIN LBM IMPULSE DEPENDENT COMPONENT WEIGHTS

WK P MAIN STORAGE ARRAY FOR DESIGN DATA

W92 R MAIN LBM 02 PROPELLANT WEIGHT

wo? R PROPFL
WO?2 P TANK
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME11

VARIABLE TYPE ROUTINE UNITS DESCRIPTION

oIPPrNH R MAIN PERCENT OF H2 LIQ FLCW PATE THROUGH

PASHEX PASSIVE HEAT EXCHANGER

WPRrNn R MAIN PERCENT OF 02 LIQ FLCW RATE THROUGH

PASHEX PASSIVE HEAT EXCHANGER

WRH? R MAIN LPM WEIGHT RESIOUAL-H2 (MAIN ENG TANK)

WROn2 R MAIN LBM WEIGHT RESIDUAL-02 (MAIN ENG TANK)

WS P MAIN LBM TOTAL APS WEIGHT

WSC o MAIN STORAGE ARRAY

WT(C R MAIN LBM WEIGHT OF THERMAL CCNDITICONERS,H2+02

WTSH R MAIN STORAGF ARRAY

WW R MAIN STORAGE ARRAY FOR HEAT EXCHANGER

WWT R MAIN STORAGE ARRAY FOR COMPCNENT WEIGHTS

www p MAIN STORAGE ARRAY

XISP 9 MAIN LRF-SEC/LaM ENGINE SPECIFIC IMPULSE

XISO R ENGISP
XISP P YLINE.

XISO p MIXrp
yISoD P PASHFX

XIS o  P PROPEL

YX. R MAIN FT TOTAL LINE LENGTH

XL R XLINc
yMo R MAIN ENGINE MIXTURE RATIO (C/F)

XMR P ENGISP
yMq R YLINE

XMR R MIXFR
yUp P PASHEX
XMR R PROFEL

YNFr 0 MAIN MAXIMUM NO. OF ENGINES FIRING

VALVE SIMULTANEOUSLY

YNFr R MIXER

XNEc R PASHEX

XNFT R MAIN TOTAL NO.F ENGINES IN APS

XNCT p ENGINE

XNET P VALVE

YNOPH P MAIN NUMBF P OF PANELS H2 HEAT EXCI-ANGER

XNOnH o PASHEY
YNnP p MAIN NUMIBFR OF PANELS 02 HEAT EXCHANGER

wNrio P PASHEX

XNTIIBH 9 MAIN NUJMBEF OF TUBES PER PANEL H2 HEAT EXCH

XNTIIPH 0 PASHEX

XNT UIJPO R MAIN NUMBEFR OF TURES PER PANEL C2 HEAT EXCH

XNTHRII o PASHCX

X1 0 MAIN DUMMY VARIAPLE IN CCMMCN

X? p MAIN DUMMY VARIARLE IN CCMMCN

X R MAIN DUMMY VARIAPLE IN COMMON

P MAIN INPUT TAPE

6 0 MAIN OUTPUT TAPE

6 R PROFH2
t. POPHOH ITT ".
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LOW PRESSURE APS DESIGN AND SIZING JUNE 1971
COMPUTER PROGRAM VOLUME II

VARIABLE TYPE ROUTINE UNITS DESCRIPTION

AA p FNGIS D  DUMMY VARIABLF IN CCMMNN

t) P ENGISP CURVE FIT COEFFICIENTS,MR EFFECTS

al R ENGISP CURVF FIT COFFFICIENTS,MR EFFECTS

&2 ENGISP CURVE FIT COEFFICIENTS,MR EFFECTS

A3 R FNGISP CURVE FIT COEFFICIENTS,MR EFFECTS

AA P ENGISP CURVE FIT COEFFICIENTS,MR EFFECTS

0 P ENGISP CUPVF FIT COEFFICIENTS,THRUST EFFECT

01 P ENGTSD CURVE FIT CrEFFICIENTS,THRUST EcFECT

P2 R F N'GIS CURVE FIT COEFFICIENTS,THRUST EFFECT

P3 p CNGISo CURVE FIT COEFFICIENTS,THRUST EFFECT

P4 Q ENGISP CURVE FIT COEFFICIENTS,THRUST EFFECT

P R FNGISo CURVE FIT COEfFICIENTS,THRUST EFFECT

CEPS R ENGISP EXPtNSION RATIO EFFECT ON ISP

Cc R ENGISP THRUST EFFECT ON ENGINE ISP

(Mo R FNGISo MIXTURE RATIO EFFECT CN ENGINE ISP

CSTAP R ENGISP MIXTURE RATIO/THRUST CCEFFIECIENT

rTH R ENGISP H2 INLET TEMP COEFFICIENT,EFFECT-ISP

CTC p ENrIS0 02 INLET TEMP COFFFICIENT,EFFECT-ISP

CO R FNGIS P  CURVE FIT COEFFICIENTS,EPS EFFECT

CI P ENGISP CURVE FIT COEFFICIENTS,EPS Ec FECT

r2 P ENGISP CURVE FIT COEFFICIENTS,EPS EFFECT

C3 p FNGISo CUPVE FIT COEFFICIENTS,EPS EFFECT

C/ P ENGISP CURVE FIT COE=FICIENTS,EPS EFFECT

C5 R ENGISO CURVE FIT COEFFICIENTS,EPS EFFECT

00 R ENGIS o  CURVE CIT COEFFICIENT,H2 TEMFP EFFECT

01 P ENGISP CURVE FIT COEFFICIENT,H2 TEMP EFFECT

02 R FNNISo CURVE FIT COEFFICIENT,H2 TEMP EFFECT

F p FNGISO CURVE rIT COEFFICIENT,C2 TEMP EFFECT

Fl1 R FNGISP CURVE FIT COEFFICIENT,C2 TEMP EFFECT

E2 p ENGISP CURVE FIT COEFFICIENT,02 TEMP EFFECT

G R ENGISP MIXTURE RATIO EFFECT CCEFFICIENT

HO p ENGISP CURVE FIT COEFFICIENT,MR EFFECT

Hl Q FMGISO CURVE FIT COEfFICIENT,MR EFFECT.

H2 P FNGISr CURVE FIT COEFFICIENT,MR EFFECT

TH q ENGISP DEG P TEMPERATURE HYORGGEN,ENGINE INLET

Tn P ENGISP DEG 9 TEMDERATURE OXYGEN,ENGINE INLET

AA 9 ENGINE DUMMY VARIABLE IN COMMON

4a 0 PoOPEL

A R ENGINE DUMMY VARIARLE

AB Q PPODEL
A R TANK

AO R FNGINE CURVE FIT COEFF'S,F/P EFFECT-ENG WT.

a1 P ENGINE CURVE FIT COEFFIS,FIP EFFECT-ENG WT.

A2 P ENGINF CURVF FIT COEFF'S,F/P EFFECT-ENG WT.

A3 9 ENGINE CURVE FIT COEFF'S,F/P EFFECT-ENG WT.

A4 p eNGINE CURVE FIT COEFF'S,F/P EFFECT-ENG WT.

PO FP NCrNE CURVE FIT COEFF'S,EPS EFFECT-ENG WT.
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1JUNE 1971

COMPUTER PROGRAM VOLUME VOLUME I1

VARIABLE TYPE ROUTINE UNITS DESCRIPTION

Fi R ENGINE CURVE FIT COEFF'S,EPS EFFECT-ENG WT.

B2 P ENGINE CURVF FIT COEFF'S,EPS EFFECT-ENG WT*

83 R ENGINE CUPVE FIT COEFF'S,EPS EFFECT-ENG WT.

RFTo P ENGINE PATIO OF THPUST TO PRESSURE

WT R FNGINr LRM WEIGHT OF CNE ENGINE

WTA P ENGINE THRUST/PRESSUPE COEFFICIENT-ENG.WT,

WTP R ENGINF NOZZLE EXPANSION RATIC COEFF-ENG.WT.

WTPSA R ENGINe LPM WEIGHT PNEUMATIC SUBASSEMBLY

PrLD R XLINF LPr/IN**2 PRESSUPE BUDGET FOR FEED LINES

OH2 P XLINE INS LINE DIAMETER-H2 SIDE

DMAXH2 Q XLINE INS MAXIMUM FEED LINE DIAMETER-H2 SIDE

DMAXO2 R XLINE INS MAXIMUM FEED LINE DIAVETER-C2 SICE

002 R XLINE INS LINE DIAMETER-02 SIDE

DPOL R XLINE PSIA/FT PRESSURE DROP PEF UNIT LINE LENGTH

ISP R XLINE LBF-SEC/L.RM ENGINE SPECIFIC IMPULSE

ISP  q MIXER
MR R XL. INE FNGINE MIXTURE RATIO

MR Q MIXER

N I XLINE LCN ARPAY SUBSCRIPT

P R YLINME LBF/IN**2 TEMPORARY PRESSURE VARIABLE

PI R XLINE NUMERICAL CCNSTANT

PI R MIXER
Pl R PASHEX
PHn R XLINE LBM/IN**3 DENSITY OF TUBING MATERIAL

S P XLINE LRF/IN**2 ULTIMATE STRENGTH CF TUBING MATERIAL

THH2 R XLINE INS TUBING THICKNESS H2 LINE

THH2S R XLINE INS H2 TUBE THICKNESS BASED ON STRENGT-

THO2 R XLINE INS TUBING THICKNESS 02 LINE

THrl?S P XLINE INS 02 TUBE THICKNESS BASEC ON STRENGT-

THRUST P XLINE LPF THRUST PEP ENGINE

THRUST  R MIXFR

TH2 R XLINE DEG P H2 GAS TEMPFRATURE

TO2 R XLINE DECG P 02 GAS TEMPERATURE

TWH2 P XLINE LBM/SFC TEMPORARY FLOW RATE VARIABLE-H2 SIDE

'rwn2 R XLINE LBM/SFr TEMPORARY FLOW RATE VARIABLE-C2 SIDE

WOOTH2 0 XLINE LBM/SEC H2 PROPELLANT FLOW RATE PER ENGINE

W)OTO2 R XLINF LPM/SFC 02 PROPELLANT FLOW RATE PER ENGINE

WH? P XLINE LBM H2 LINE WEIGHTS

%-r2 R XLINE LBM 02 LINE WEIGHTS

AC P VALVE DUMMY VARIABLE IN CCMMCN

AC R PROPEL

AC P TANK

AD R VALVE DUMMY VAPIABLE IN COPMON

DVALH2 P VALVE INS TEMPORARY VALVE FLOW DIAMETER-H2

OVALO2 0 VALVE INS TEMPORARY VALVE FLOW DIAMETER-02

WH2 P VALVE LBM H2 VALVE WEIGHT

WO2 P VALVE LPM 02 VALVE WEIGHT

1-10
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/LOW PRESSURE APS DESIGN AND SIZING JUNE 1971

COMPUTER PROGRAM VOLUMElI

VARIABLE TYPE ROUTINE UNITS DESCRIPTION

WTVALH P VALVE LPM' TEMPORARY H2 VALVE WEIGHT

WTVALO Q VALVE LBM TEMPORARY C2 VALVE WEIGHT

a R INTERP TEMPORARY VARIABLE

B R INTERP TEMPORARY VARIABLE

C p INTERPo TEMPORARY VARIABLE

D R INTER P  TEMPORARY VARIABLE

F R INTERP TEMPORARY VARIABLE

I I INTERP TEMPORARY VARIABLE

ID I INTERP TEMPORARY VARIABLE

J I INTERP TEMPORARY VARIABLE

J1 I INTERP TEMPORARY VARIABLE

M I INTERP TEMPORARY VARIABLE

m7 I INTERP TEMPORARY VARIABLE

MO I INTERP TEMPORARY VARIABLE

Mi I INTERP TEMPORARY VARIABLE

N I INTERP NUMBER OF DATA POINTS

NO I INTFPP INDICATOR

Ni I INTERP ORDER OF LEAST SQUARE CURVE FIT

N2 I INTFRP TEMPORARY VARIABLE

N3 I INTERP TEMPORARY VARIABLE

X R INTrPP IN=INDEPENDENT VARIABLE ARRAY

OUT=LAGRANGE COEFFICIENTS

.XK R INTFPP TEMPORARY VARIABLE

XN R INTERP TEMPORARY VARIABLE

Y q INTER IN=DCPENDENDENT VARIABLE ARRAY

OUT=LEAST SQUARE COEFFICIENTS

ALH2 R MIXEP IN**2 LIQUID FLOW AREA-HYDPCGEN

AL02 R MIXER IN**2 LIQUID FLOW AREA-OXYGEN

DTALH2 P MIXER INS LIOUID FLOW DIAMETER-HYDROGEN

)IALn2 R MIXER INS LIQUID FLOW DIAMETER-CXYGEN

LroH2 R MIXER MAXIMUM RATIO 0O MIXER LICUIC FLOW

TO TOTAL ENGINE FLOW-HYCRCGEN

LrQ2 p MIXER MAXIMUM RATIO OF MIXER LIQUIC FLOW

TO TOTAL ENGINE FLOW-CXYGEN

LVFLH2 P MIXER FT/SEC MAXIMUM H2 LIQUID LINE VELCCITY

LVrLH2 o PASHEX

IVEL2 R MIXER cT/SEC MAXIMUM 02 LICUID LITNE VELCCITY

LVELO2 P PASHEX
NF P MIXER NUMPER OF ENGINES FIRING

oHOH2 R MIXER LPMIFT**3 LIQUID H2 DENSITY

PHOH2 P PASHFX
0 O002 p MIXER LPM/FT**3 LIQUID 02 DENSITY

RHOO2 R PASHEX

WOOTH2 p MIXFPR LBM/SEC H2 PROPELLANT FLOW RATE-ALL ENGINES

WDOTLH R MIXER LBM/SEC H2 LIQUID FLOW RATE INTC MIXER

WDOTLO R MIXFER LBM/SEC 02 LIQUID FLOW RATE INTO MIXER

WOOTO2 R MIXER LBM/SEC 02 PROPELLANT FLOW RATE-ALL ENGINES

FIGURE 1-3 (Cont.)
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398

COMPUTER PROGRAM VOLUME II

VARIABLE TYPE ROUTINE UNITS DESCRIPTION

WGVH2 R MIXER LBM WEIGHT GAS VALVE-HYDRCGEN

WGVO2 R MIXER L.M WEIGHT GAS VALVE-OXYGEN

WLT P MIXER LBMISEC TOTAL H2 AND 02 LIQUID FLOW RATE

WLVH2 R MIXER LBM WEIGHT OF LIQUID VALVES-HYCPCGEN

WLVO2 P MIXER LBM WEIGHT OF LIQUID VALVES-OXYGEN

WMAH2 q MIXER LBM TOTAL MIXER ASSEMBLY WEIGHT-H2

WMAO402 q MIXER LBM TOTAL MIXER ASSEMBLY WEIGHT-C2

WMCH2 R MIXER LBM WEIGHT MIXING CHAMBEP-H2

WMC.2 p MIXER LBM WEIGHT MIXING CHAMBER-C2

WPRH2 P MIXEP LBM WEIGHT PRESSURE REGULATORS-H2

VOPC2 P MIXEP LBM WEIGHT PPESSURE REGULATCRS-C2

WTV R MIXER LBM WEIGHT LIQUID THROTTLE VALVES

ALLH o PASHFX INS**2 LIQUID FLOW APEA-H2

ALLO R PASHEX INS**2 LIQUID FLOW AREA-02

r'LLH R DASHEX INS DIAMETEP LIQUID LINE-H2

OLLn p PASHEX INS DIAMETER LIQUID LINE-02

LtLMH 0 PASHEX INS DIAMETFR LIQUID MAINFOLD-OH2

OLMn R PASHEX INS DIAMETER LIQUID MANIFCLD-C2

GMAH R PASHEX INS**2 GAS MANIFOLD FLOW AREA-H2

GMAO P PASHEX INS**2 GAS MANIPOLD FLOW APEA-G2

GknH P PASHEX INS GAS MANIFOLD DIAMETER-P~H2

MrOn R PASHFX INS GAS MANI=OLD DIAMETER-C2

GMLGW P PASHEX INS GAS MANIFOLD LENGTH-H2

GMLGD P PASHEX INS GAS MANIFOLD LENGTH-C2

rGMTH q DASHeX INS GAS MANIFOLD THICKNESS-H2

GMT n  R PASHEX INS GAS MANIFOLD THICKNESS-02

PTH R PASHEX LEF/IN**2 APS PROP TANK DESIGN PRESSURE-H2

0TH R TANK

OTn R PASHEX LBF/IN**2 APS PROP TANK DESIGN PRESSURE-02

DTn P TANK

PHOTU P PASHEX LBM/IN**? DENSITY OF TURE AND LINE MATERIAL

oIVWH R PASHEX Lem TUBE ATTACHMENT (RIVET) WEIGHT-H2

qIVWo R PASHEX LRM TJUBE ATTACHMENT (RIVET) WEIGHT-02

TLLH P PASHEX INS THICKNESS LIQUID LINE-H2

TLLO q PASHEX INS THICKNESS LIQUID LINE-02

TLMH R PASHEX INS THICKNESS LIQUID MANIFCLD-H2

TLCO P PASHEX INS THICKNESS LIQUID MANIFCLD-C2

TTHH2 o PASHFX INS HEAT EXCH TUBE THICKNESS-H2

TTHn2 9 PASHEX INS HEAT EXCH TUBE THICKKESS-02

TUBAH P PASHEX INS**2 TUBE CROSS SECTIONAL AREA-H2

TIJPAn P PASHEX INS**2 TUBE CROSS SECTIONAL AREA-C2

TllPrlrp R PASFX INS TUBE OUTSIDE DIAMETER-H2

Trujnon 0 oASHEX INS TUBE OUTSIDE DIAMETER-C2

TURWH q PASHEX LBM HEAT EXCH TUBE WEIGHT-H2

TURWO R PASHEX LBM HEAT EXCH TUBE WEIGHT-C2

ULTS R PASHEX LOF/IN**2 ULTIMATE STRENGTH OF MATERIAL

WrflTH2 P PASHEX LRM/SFC H2 FLOW RATE THROUGH HEAT EXCHANGER

100TO2 P PASHEX LBM/SEC 02 FLOW RATE THRCUGH HEAT EXCHANGER

FIGURE 1-3 (Cont.)
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LOW PRESSURE APS DESIGN AND SIZING JUNE 1971

COMPUTER PROGRAM VOLUME II

VARIABLE T'PE ROUTINE UNITS DESCRIPTION

WGMH ' PASHEX LPM WEIGHT GsS MANIFOLfD-H2

WGMn q PASHEX LRM WEIGHT GAS MANIFOLD-C2

WLLH R PASHEX LBM WEIGHT LIQUID FEED LINES-H2

WLLO R PASHFX LRM WEIGHT LIQUID FEED LINES-02

WLMH P PASHEX LBM WEIGHT LIQUID MANIFOLDS-H2

WLMO 0 PASHEX LBM WEIGHT LIQUID MANIFCLDS-C2

WVH D PASHEX LBM LIQUID VALVE WEIGHTS-H2

WVO P PASHFX LRM LIQUID VALVE WEIGHTS-C2

XLGH p PASHEX cT LENGTH CROM APS TANK TC HEAT EXCH-I2

XLGO R PASHEX PT LENGTH FROM APS TANK TC HEAT EXCH-02

XLLLH R PASHEX FT TOTAL LIQUID FEED LINE LENGTh-H2

XLLLO R PASHEX FT TOTAL LIQUID FEED LINE LENGTF
- 0 2

YLLMH R PASHEX INS LENGTH LIQUID MANIFOLD-H2

XLLMO p PASHEX INS LENGTH LIQUID MANIFCLD-02

Ni P TANK NUMBER OF PASSES COOLING SHRCUD-H2

N2 R TANK NUMBER OF PASSES CCCLING SHRCUC-02

PPH? R TANK LPF/IIN**2 BURST PRESSURE H2 TANK

P9.2 p TANK LRFIIN**2 FURST PRESSURE 02 TANK

P rH? R TANK TNS PADIUS H2 TANK

oDAn2 p TANK INS RADIUS 02 TANK

SUJAH2 R TANK INS**2 SUPFACE. AREA H2 TANK

SURA02 R TANK INS**2 SURFACE AREA 02 TANK

TH2 p TANK INS TANK WALL THICKNESS-H2 TANK

T02 p TANK INS TANK WALL THICKNESS-02 TANK

TUBFSA 0 TANK INS*,2 COOLING SHROUD TUBING CROSS-

SPCTIONAL AREA INCLUDING FLANGES

VnLH2 Q TANK IS**3 VOLUMF HYDROGEN TANK

VrLO2 R TANK INS**3 VOLUME OXYGEN TANK

WAPH2 p TANK LBM WEIGHT H2 PROP ACQUISITION DEVICE

WAD002 R TANK LBM WEIGHT 02 PROP ACQUISITICN CEVICE

WcrfH2 R TANK LBM H2 PROPELLANT BOIL-OFF WEIGHT

wtr2 R TANK L.M 02 PROPELLANT BOIL-CFF WEIGHT

WO-RH2 p TANK LpBM WEIG4T COCLING SHROUD-H2 TANK

WrS)2 p TANK LBM WEIGHT COOLING SHRCUD-C2 TANK

WrTH2 P TANK LM WEIGHT COOLING SHROUD TUBES-H2 TANK

WOTO2 R TANK LPM WEIGHT COOLING SHROUC TUBES-C2 TANK

WFGH2 R TANK LBM WEIGHT FIPERGLASS COVER-H2 TANK

Wegn2 R TANK LBM WEIGHT PIB.ERGLASS CCVER-C2 TANK

WPH2 R TANK LBM WEIGHT FOAM-H2 TANK

WIH2 0 TANK LQM WEIGHT INSULATION-H2 TANK

W102 R TANK LBM WEIGHT INSULATION-02 TANK

WTF2 R TANK LPM WEIGHT H2 TANK

WTO2 P TANK LBM WEIGHT 02 TANK

WTSH2 0 TANK L.PM W .IGHT OF H2 TANK SUPPCRT

WTSO2 p TANK LPM WEIGHT OF C2 TANK SUPPORT

WTTH2 R TANK LRM TOTAL H2 STORAGE ASSEMBLY WEIGHT

FIGURE 1-3 (Cont.)
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
COMPUTER PROGRAM 1 JUNE 1971

VOLUME II

VARIABLE TYPE ROUTINE UNITS DESCRIPTION

WTTfl? R TANK LBM TOTAL 02 STORAGE ASSEMBLY WEIGHT

WVH? R TANK LRM H2 PROPELLANT VENTED-TOTAL
WV12 R TANK LBM 02 PROPELLANT VENTED-TOTAL
WVPH2 P TANK LAM/HP H2 PROPFLLANT VENT RATE
P p PRESVS LRF/Ih'**2 PRESSURE OF HELIUM
DoRpVm? P PRESYS L!c*INS PRODUCT OF BURST PRESSUPE ANC

VOLUME-HELIUM TANK,OXYGEN SICE
PTH2 p PRESYS LPc/IN**2 APS H2 TANK DESIGN PRESSURE
PTP2 P oRESYS LPc/IN**2 APS 02 TANK DESIGN PRESSURE

PHFHTI R PRESYS LRM/IN**3 DENSITY OF HELIUM,H2 TANK INITIALLY

RHFOF R PRESYS LBM/IN**3 DENSITY OF HELIUM,02 SIDE FINAL COND
VHEOI q PRFSYS LBMIIN**3 DENSITY OF HELIUM,C2 SIDE INITIALLY

PHEOTF P PRESYS LBM/IN**3 DFNSITY OF HELIUM,02 TANK FINAL COND
PHO R PFRESYS DUMMY VARIABLE

v02 R PRESYS DUMMY VARIABLE
TH2 q PPESYS DEG R H2 TANK SATUIRATION TEMPERATURE

TO2 R PPESYS DEG Q 02 TANK SATURATION TEMPERATURE
VnLHEH R PRESYS IN**3 H2 TANK ULLAGE VOLUME CR HELIUM VCL.

VOLHF0 R PRESYS IN**3 VOLUME OF HELIUM TANK-C2 SIDE

VPH p PRESYS LRF/IN**2 VAPOR PRESSURE HYDROGEN
VPHO q DRESYS NUMERICAL CONSTANTS,CURVE FIT OF H2

VPHI R PRESYS VAPOR PRESSURE VERSUS TEMPERATURE,
VPH2 Q PRESYS USING ARRHENIUS RELATICNSHIP,
VPO P PRESYS L9F/IN**2 VAPOR PRESSURE OXYGEN

VPO0 0 PPESYS NUMERICAL CONSTANTS,CURVE FIT OF 02
VPOI p PRESYS VAPOR PRESSURE VERSUS TEMPERATURE,

V@02 P PRESYS USING ARRHENIUS RELATICNSHIP

WH2 q PRESYS L.M WEIGHT OF H2 PRESSURIZATION ASS'Y
W02 R PRESYS LBM WEIGHT OF 02 PRESSURIZATION ASS'Y

VOLH2 0 PRESYS IN**3 VOLUME H2 TANK ULLAGE

VOLO2 P PRESYS IN**3 VOLUME 02 TANK
A R PROFH2 TEMPORARY VARIABLE
A R POFO2
A P HINT
A p SINT
A 0 FUNCT
A R OFOD
A R OFDT
A R CVINT

ALl P PROFH2 LIQUID HYDROGEN CURVE FIT CCEFF
AL 1 R PRO=02
AL2 P PROFH2 LIQUID HYDROGEN CURVE FIT CCEFF
A ,2 R PROFO2
AL3 R PROFH2 LIQUID HYDROGEN CURVE FIT COEFF
AL3 P PROF02
ALA P PROFH2 LIQUID HYDROGFN CURVE FIT COEFF
AL4 R PROF02

FIGURE 1-3 (Cont.)
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MDC E0398

LOW PRESSURE APS DESIGN AND SIZING 1 E019

COMPUTER PROGRAM VOLUME II

VARIABLE TYPE ROUTINE UNITS DESCRIPTION

ALr R PRfnH2 LIQUID HYDROGEN CURVE FIT .CCEFF

AL9 R PRO. 2
AP R PROFH2 CONSTANT

AP R PROFO2
AS R PROFH2 CONSTANT

AS R PPOFO2
ASI R PPnFH2 CONSTANT
AS2 9 PPOFH2 CONSTANT

AS3 R PQOFH2 CONSTANT

AS4 P PpnFH2 CONSTANT

ATI R PROFH2 CONSTANT

AT1 Q PPOFO2

AT2 R PROFH2 CONSTANT
AT2 R PROFO2
AT3 P PROFH2 CONSTANT
AT4 p DROFH2 CONSTANT

ATr P PRO H2 CONSTANT

AO q PROFH2 CONSTANT FOP HYDROGEN

AO R PROO2
Al R PROFH2 TEMPORARY VARIABLE

Al P PROFO2
SR PROFH2 CONSTANT

P R OPOFO 2

PLKI . PROFH2 COMMON BLOCK

QLK1 q PRPrO2
LK 1 R HINT

BLK1 9 SIN T

9LK1 R FUNCT
BLK1 P DFDP
PLK1 R DFDT
PLK1 P CVINT
9P R PROFH2 CONSTANT

RP R PP.OFO2
PS Q PROFH2 CONSTANT

PS R PROFO2

C R PPROFH2 CONSTANT POR HYDROGFN

C R PPRFO2
CP P PROFH2 CONSTANT

Co  R PPOFn2
CPo P RPROFH2 RTU/LB-*R CONSTANT PRESSURE SDECIFIC HEAT

Cop P PRO02

CPO R PROFH2 TEMPORARY VARIABLE

CoO RP PROFO2
CS R PPOFH2 CONSTANT

CS P PROFO2

CV P PRfFH2 BTU/LB-*P CONSTANT VCLUME SPECIFIC HEAT

CV P PROFO2
CVO Q PROFH2 TEMPORARY VARIABLE

CV0 P R ROF2 FIGURE 1-3 (Cont.
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
IJUNE 1971

COMPUTER PROGRAM vLUME11VOLUME II

VARIABLE TYPE ROUTINE UNITS DESCRIPTION

CO R PROFH2 FT/SEC SONIC VELOCITY

CO R PROFO2
Cl R PROFH2 TEMPORARY VARIABLE

Cl R PROFO2
C2 R PROFH2 TEMPORARY VARIABLE

C2 R PROF02
C3 R PROFH2 TEMPORARY VARIABLE

C3 R PPOFO2
C4 P PROPH2 TEMPORARY VARIABLE

C4 R PROFO2
C5 Q PROFH2 TEMPORARY VARIABLE
C5 R PROFO2
Cf R PROFH2 CONSTANT
C6 R PROFO2
C7 R PROFH2 CONSTANT
r7 R PROFO2

O R PROFH2 CONSTANT FCR HYDROGEN

O R PROFO2
DP Q PROFH2 CONSTANT
DO R PROFO2
OPOR R PROFH2 BTU/LBM PARTIAL OF PRESSURE W/R TO CENSITY

DPOR P PROFO2
ODOT R PROFH2 ATM/*K PARTIAL OF PRESSURE W/R TO

TEMPERATURE

OPOT R PPrFO2

OS R PROFH2 CONSTANT

cS R PROFO2
E R PROFH2 CONSTANT FOR HYDROGEN

E Q PROPFO2
EP R PROFH2 CONSTANT

EP R PROFO2
.FS P PPOFH2 CONSTANT

FS P PROFO2
EX R PROFH2 TEMPORARY VARIABLE

FX R PROFO2
EX R HINT
EX R SINT
EX R FUNCT
FX R DFO
FX R OFOT
EX R CVINT
F R PROFH2 CONSTANT FOR HYDROGEN

F R PROFO2
FS R PROFH2 CONSTANT
FS P PRnFO2

G R PROFH2 CONSTANT FOR HYDROGEN

GAMMA R PROFH2 PATIO OF SPECIFIC HEATS

GAMMA R PROFO2
FIGURE 1-3 (Cont.)
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/LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

VARIABLE TYPE ROUTINE UNITS DESCRIPTION

GS D PROFH2 CONSTANT
H R PROFH2 FXTE RNAL FNTHALPY

RTU/LPM
INTERNAL
J/GR-MOLF

H P PROFO2
HSAT P PROFH2 JIGR-MOLE SATUPRATED LIQUID ENTHALPY

WSAT q PROF02

HI R PROFH2 CONSTANT FOR LIQUID HYCRCGEN

H1 o PROFO2
H2 R PROFH2 CONSTANT FOP LIQUID HYCRCGEN

H2 P PROFO2

H3 R PROFH2 CONSTANT FCR LIQUID HYORCGEN

H3 p PROFO2
H4 q PROFH2 CONSTANT FOR LIQUID HYORCGEN

H4 P PROFO2
H5 R PPOFH2 CONSTANT FCP LIQUID HYDROGEN

HF P PROF02

I I PPOFH2 TEMPORARY VARIABLE

I I PROFO2
IND I DROFH2 FLAG

IN) I PROFO2
K I PPOFH2 INDEXING VAPIABLE

K I PROFl2
P R PROFH2 PXTEPNAL PRESSURE

LB/IN**2
INTERNAL

ATM
SP PROFO2

p p FUNCT
SR OFOR

P R OFDT
o R CVINT
Sp HSAT

P P OSAT
pr p PROFH2 ATM CRITICAL PRESSURE

PC P PROF02

pp p PROFH2 TEMPORARY VARIABLE

po R PROFO2
pPR'S R PPOFH2 COMMON BLOCK

ppOPS P PROFO2

PSAT P OPOFH2 , ATM SATURATED LIQUID PRESSURE

PSAT p PROFO2

FIGURE 1-3 (Cont
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398

COMPUTER PROGRAM 1JUNE 1971VOLUME II

VARIABLE TYPE ROUTINE UNITS DESCRIPTION

H p PROFH2 EXTEPNAL DENSITY
LBM/IN**3

INTERNAL
GR-MOLF/
CM**?

qHn R PRO02
0HO P HINT
oHO R SINT
RHO P UI.JNCT
o NO R 0909
OHO R OFOT

0H(7 R CVINT
QHDC R PRnFH2 CONSTANT
PHOC R PROFO2
RHOS P PP0FH2 GR-MOLF/ SATUPRATED LTQUID DENSITY

CM**3
PHOS P DRO"12
PHnO Q PQOFH2 TEMPORARY VARIABLE
RHDO R PROFO2
PH02 P P~rFH2 TEMPrRARY VARIABLE
IHO2 p POOF02
RH02 P HINT
PRfHn2 P SINT
RH2 P cUNCT
RH02 P OcDo
PH02 R DFOT
S P PROFH2 PTII/LP-*P ENTPOPY

PR PROF02
SA p PPOFH2 TEMPORARY VARIABLE
SA P PROF02
SR R PPOPH2 TEMPORARY VARIABLE
Sp R PROFO2
.P p PROFH2 TcMPORARY VARIABLE
SC P PROFn2
S SAT P DROFH2 JOULF/ SATURATED LIQUID ENTRCPY

R -,MOLE-*K
SSAT p PROC02
Si R PROFH2 TEMPORARY VARIABLE
Si P PROFO2
S2 R PRnFH2 TFMPORARY VARIABLE
S2 q PPOFO2

FIGURE 1-3 (Cont.)
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LOW PRESSURE APS DESIGN AND SIZING JUNE 1971
COMPUTER PROGRAM VOLUME II

VARIABLE TYPE ROUTINE UNITS DESCRIPTION

T R PROFH2 EXTFRNAL *R TEMPERATURE
INTERNAL *K

T R PROFO2
T R HINT

T R SINT
T P FUNCT
T P OFDRP
T R DrDT

T R CVINT
T P HSAT
T R OSAT

TA P PROFH2 TEMPORARY VARIABLE

TA Q PROFO2

TB R PROFH2 TEMPORARY VARIABLE

TP R PPnFO2

TC R PRrFH2 CONSTANT

TC R PROFO2

TO R PROFH2 *K PREVIOUSLY CALCULATED TEMPEPATURE

TO P PROFO2

TI R PROFH2 TEMPORARY VARIABLE

TI R PROrFO2

T18 P PROFH2 TEMPEPATU E

U R PROFH2 RTUILPM INTERNAL ENERGY

U P PROFlf2

VWA P PROCH2 VAN DER WAAL CONSTANT

VWA P PROF02

VWR P PROFH2 VAN DEP WAAL CONSTANT

VWP R PROF02
7 p PROFH2 COMPFESSIPILITY

7 R PRnrO2

HINT R HINT TEMPORARY VARIABLE

SINT R SINT TEMPORARY VARIABLE

F R FUNCT TEMPORARY VARIABLE

FUNCT p FUNCT TEMPORARY VARIABLE

PHH03 R FUNCT TEMPORARY VARIABLE

PHI3 R OFOR

PHO3 R DFOT
PHPr R FUNCT TEMPORARY VARIABLE

pHO5 R OFDP

PH05 R OFDT
CPOR P ,FDP TEMPORARY VARIABLE

FP R CFDP TEMPORARY VARIABLE

P9r"  9 OFDT TEMPORARY VARIABLE

FT R OFOT TEMPORARY VARIABLE

FIOURE 1-3 (Cont.)
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
C1 JUNE 1971

COMPUTER PROGRAM VOLUME II

VARIABLE TYPE ROUTINE UNITS DESCRIPTION
AAA R PROFO2 TEMPORARY VARIABLE

on R DROFO2 TEMPORARY VARIABLE

Pl P oROFO2 TEMPORARY VARIABLE

P2 p PROFO2 TEMPORARY VARIABLE

PHOSO 0 POOFO2 TEMPORARY VARIABLE

PHO1 P PROFO2 TEMPORARY VARIABLE

PSW R PROFO2 TEMPORARY VARIABLE

T2 P PPFO2 TEMPORARY VARIABLE\
T2 R HINT

T2 0 SINT
T2 p CVINT
A R PRPHOH STOPAGE APPRRAY

AA R PPPHOH VARIABLE FOR BEATTIE ORIDEGEMAN EQ

ABF P PPPHOH CONSTANT FOR BEATTIE BRIDGEMAN EQ

ACAP R DPPHOH TEMPORARY VARIABLE

ALPHA R PRDHOH TEMPORARY VARIABLE

ANrT 9 PPPHOH CONSTANT FOP BEATTIE BRIDGEMAN EC

Al R PRPHOH SPECIFIC HEAT CONSTANT FOR CALC

A2 p PRPHOH SPECIFIC HEAT CONSTANT FOR CALC

A3 R PRPHOH SPECIFIC HEAT CONSTANT FOR CALC

A4 p PRPHOH SPECIFIC HEAT CONSTANT FOR CALC

A5 Q PFPHOH SPECIFIC HEAT CONSTANT FOR CALC

B q PPPHr H STORAGE ARRAY

PB P pRoHOH VARIABLE FOR BEATTIE BRIDGEMAN EQ

FP PRPHOH VARIABLE FOP BEATTIE BRIDGEMAN EQ

PCAP R PRPHOH TEMPORARY VARIABLE

BETA R PRPHOH TEMPORARY VARIABLE

NnT R PPDHOH CONSTANT COR BEATTIE BRIDGEMAN EQ

CBB P PPPHOH CONSTANT FOP BEATTIE BRIDGEVAN EC

Co p PRPHOH BTUILB-*R CONSTANT PRESSURE SPECIFIC f-EAT

CV p PRPHOH BTUILB-*R CONSTANT VOLUME SPECIFIC HEAT

CVTNr1T P PRPHOH BTUILP-*R IDEAL GAS CONSTANT VCL SPECIFIC PEAT

CO R PRPHOH FT/SFC SONIC VELOCITY

nDno p PRPHOH BTU/LBM PARTIAL OF PRESSURE W/R TC CENSITY

ENOT P PPPHOH BTU/LBM IDEAL GAS INTERNAL ENERGY AT 100*K

FPS P PRPHnH VARIABLE FOR BEATTIE BRIDGEMAN EQ

GAMMa R PPPHOH RATIO OF SPECIFIC HEATS

H 9 PRPHH BTU/L.M ENTHALPY

HHELIU R PRPHfH HOLLERITH LABEL

H2 P DRPHOH HOLLERITH LABEL

HH2" q PRPHOH HOLLERITH LABEL

HNOT. q PROHOH BTU/LBM IDEAL GAS ENTHALPY AT 100*K

H02 R PRPHOH HOLLERITH LABEL

I I PRPHOH TEMPORARY VARIABLE

IGAS I PRPHOH FLAG

JPRINT I PPPHO H  FLAG

K I PRPHOH TEMPORARY VARIABLE

M I PRPHOH TEMPORARY VARIABLE

N I PRPHOH INDEXING VARIABLE
FIGURE 1-3 (Cont.)
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LOW PRESSURE APS DESIGN AND SIZING M INDC E03981

COMPUTER PROGRAM VOLUME i

VARIABLE TYPE ROUTINE UNITS DESCRIPTION

N- MF * pvDHOH NAME OF GAS BEING CONSIDEREC

p p PRPHOH ATM PRESSURE

prp R PPPHOH RTU/LB-*R PRESS CONTPIBUTION TO SPECIFIC HEAT

PCQIT R PRPHPH LB/IN**2 CRITICAL PRESSURE

Pl p PRPHOH TEMPORARY VARIABLE

PRESS R PRPHOH LB/IN**2 PRESSURE OF GAS

o ;os R PPOHoH COMMON LABEL

PSAT p PPPHOH LB/IN**2 SATURATION PRESSURE OF GAS

Pl R PRPHOH TEMPORARY PRESSURE VARIABLE

P2 R PRPHOH TEMPOARY PRESSURE VARIABLE

p p PRPHOH UNIVERSAL GAS CONSTANT

PHO R PPPHOH EXTERNAL DENSITY

LRM/IN**3
INTERNAL

LRM/FT**3

< p PRDHOH BTtI/LPB-*P ENTPOPY

SAT1 p PRPHOH CONSTANT TO CALCULATE PSAT

SAT2 R PPPHOH CONSTtNT TO CALCULATE PSAT

SNOT p ORPHOH RTIJ/LP-*R IrEAL GAS ENTROPY AT 100*K

T p PRPHOH *K TEMPEPATURE

TAN p PPPHOH TEMPORARY VARIABLE

TCPTRIT Q PRPHOH *P CRITICAL TEMPEFATURE

TMO R OPRPHOH *P TEMPERATURE

T Q RPHOH TFMPOPARY VARIABLE

TO P PRPHOH *P BASE TEMPERATURE

T3 P PPDHOH *P** TcMPE RATIJRPF**3
U R PPPHOH RTU/LBM INTE-PNAL ENERGY

V P PRPHIH LITERP/GP-MOt. SDECIFIC VCLUME OF GAS

Vi P PRPHOH TEMPORARY VARIABLE

V2 P PRDHOH TEMPORARY VARIABLE

wM R PRPHOH (P/GP-ML c  MOLECULAR WEIGHT

CV!NKT P CVINT TEMPORARY VARTABLE

INT R -CVINT TEMPORARY VARIABLE

T3 P CVINT TEMPORARY VARIABLE

T4 R CVINT TEMPORARY VARIABLE

T5 R CVINT TEMPORARY VAPIARLE

FIGURE 1-3 (Cont.)
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME . VOLUME II

1.2 Program Subroutines - The program calls the following library subroutines:

(1) ALOG10

(2) ALOG

(3) EXP

(4) SQRT

Characteristics of the program subroutines are as follows:

NAME CALLING SEQUENCE USE

LSC Main Program Controls input and output, executive

routine, chamber pressure optimization

sequence and adjusts propellant weights.

ENGISP CALL ENGISP Calculates engine performance as a

function of thrust, pressure, inlet

temperatures, mixture ratio and expan-

sion ratio.

ENGINE CALL ENGINE Calculates engine weight as a function

of thrust, pressure, and expansion ratio.

XLINE CALL XLINE Calculates propellant distribution line

weight as a function of line length,

flow rates and allowable pressure budget.

VALVE CALL VALVE Calculates valve weights for known flow

rates.

INTERP CALL INTERP (N, NQ, Nl, Provides curve fit (least square or

X, Y) Lagrange) of feed weight as a function

of chamber pressure.

MIXER CALL MIXER Calculates mixer weight as function of

flow rates and maximum line size.

PASHEX CALL PASHEX Calculates passive heat exchanger weight

as a function of design characteristics.

PROPEL CALL PROPEL Calculates total APS propellant require-

ments based on total impulse and engine

specific impulse.
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COMPUTER PROGRAM VOLUME I

NAME CALLING SEQUENCE USE

TANK CALL TANK Calculates propellant storage require-

ments and weights based on propellant

weight and tank pressure.

HSAT CALL HSAT (P, T) Calculates hydrogen saturation temper-

ature as a function of pressure.

OSAT CALL OSAT (P, T) Calculates oxygen saturation tempera-

ture as a function of pressure.

PRESYS CALL PRESYS (P0  PH, Calculates pressurization subassembly

2 2 weight as a function of pressure, tem-

TH ,TO WH2 W 2 perature, and propellant weight.

2 2 2 2

PROFH2 CALL PROFH2 (T, P, Calculates thermodynamic properties of

RHO, H, S) hydrogen below 540
0R using modified

Benedict-Webb-Rubin equation.

HINT HINT (RHO, T) A PVT integration subprogram which cal-

culates hydrogen and oxygen liquid

enthalpy.

SINT SINT (RHO, T) A PVT integration subprogram which cal-

culates hydrogen and oxygen liquid

entropy.

FUNCT FUNCT (P, T, RHO) A function subprogram which calculates

error in p)actual and p)calc. for itera-

tion procedure,

[-p + p calc. (T, RHO)]

DFDR DFDR (P, T, RHO) A function subprogram which calculates

[(- )T] for gases.

DFDT DFDT (P, T, RHO) A function subprogram which calculates

[(T) v] for gases.

PROFO2 CALL PROFO2 (T, P, RHO, Calculates thermodynamic properties of

H, S) oxygen below 54
0OF usir.g modified

Benedict-Webb-Rubin equations.
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COMPUTER PROGRAM VOLUMEII

NAME CALLING SEQUENCE USE

PRPHOH CALL (T, P, RHO, H, S, U) Calculates thermodynamic properties of

water, hydrogen, oxygen, and helium

above 540*R using Beattie Bridgeman

equation.

CVINT CVINT (P, T, RHO) A PVT integration subprogram which cal-

culates heat capacity at constant

volume (Cv).

1.3 Flow Charts - Detailed flow charts of the complete program were obtained

using the McDonnell Automation Company computer program called "AUTOFLOW." The

AUTOFLOW program is leased by the McDonnell Automation Company from Applied Data

Research, Inc. The flow charts are enclosed in Appendix A of this volume. In

addition to the flow charts, the AUTOFLOW program provides a table of contents and

references to facilitate finding statement numbers, etc. in the flow chart. Fol-

lowing each specific flow chart, a list of nonprocedural statements is given.

1.4 Deck Setup

1.4.1 Computer Configuration/Requirements

1. The program is operational on the CDC 6600.

2. The program requires 467008 core locations to load and 404008

core locations to run.

3. The program is written in FORTRAN IV.

4. The program operates under the MACE operating system and was

compiled under the SCOPE 3.2 compiler.

5. No plots or punch are generated by the program.

6. The only tapes used are TAPE 5 for input and TAPE 6 for output.

1.4.2 Restart Procedure - There is no restart procedure in the program but

multiple cases can be run without requiring a full set of input data.

1.4.3 Deck Sequence - The sequence for running this program is as follows:

1. Control cards

2. End of record card

3. Program

4. End of record card

5. First case data

6. Second case data, etc.

7. End of file card
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COMPUTER PROGRAM v JLUME 1971VOLUME II

The sequence is illustrated by the following listing (Figure 1-4) showing control

cards and the i.iput data for two cases, the first case being an orbiter APS and

the second a booster APS.

1.4.4 Input Data - The input to the low pressure design and sizing program is

by use of the NAMELIST option of FORTRAN IV with the exception of the last card.

Three NAMELISTS are used, these being:

LINE -- distribution line assembly array which describes line length,

number of engines firing per line, and number of lines.

VALVE -- valve subassembly array which describes number of engines firing

per valve and number of valves.

LOWPC -- describes auxiliary propulsion subsystem being investigated.

NAMELIST input is as follows:

1. Use columns 2-80.

2. First card must start with a $ sign followed by the NAMELIST name,

i.e., $LINE, etc.

3. Last card for each NAMELIST must be $END.

The last input card contains the value of IND. Input format is 13 (Column 3 of

card) where if:

IND = 0 complete subsystem weights are printed including component weights.

IND = 1 suppressed printout of total subsystem weight only.

A detailed description of the three NAMELIST's follows. It should be noted,

the order of variables within a NAMELIST does not matter, but the NAMELIST's them-

selves must follow the above order.

1.4.4.1 LINE NAMELIST - The LINE NAMELIST describes the propellant distribu-

tion assembly located forward and aft of the main engine tanks. Oxygen and hydro-

gen distributin networks are assumed to be parallel. Forward and aft distribution

subassemblies may consist of five line segments each. For each of the five line

segments, the s,:egment length, maximum number of engines firing per segment, and

quantity (numbr) of segments are given in a 10 x 3 array named LFN (I, J). The

first five lines of this array describe the distribution subassembly (either aft or

forward) with the largest total line length. This maximum overall length is defined

as LMAX(1). The second five lines in the LFN array describe the remaining subassem-

bly. This subassembly overall line length is defined as LMAX(2). If five line

lengths are not required per subassembly, the number of engines firing LFN (I, 2)
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I I STI NG 1 1'.SI CASt I\PIIT

034, 01 3 07.,12 .456 5 t 2345 7 9012 ' 9U 123 It67 t 1) 0 1234567i C 12345
6 7 c C

t 'C(.I, ( 1 , . . O0. i b,(UIC
ACC 2i ~1 55 PEBRUNS 592tC SE,02C02

f !T AN 02
P '' € , , , , ,,zv O i

.1 '.P.

I .A t 1 1;" S C L. I 'I
E x V. 1; ,.

iUtD) PF P"C URO) ORBITER CASE
il ;: I .M. X=]5 :,,'', I. FN= 24,12.5,12.5,1.5,7.5,35,,,8,8,O,10,6,6,3,1,E,3,3,1,1,

0,2,1, ", ,,C.r ,, , , LI,) SENt)
€.VALVE ':.1 0,",8,7 ,, ,4,3,; ,2 , ,0 0,0,0 2,3,6,13 SENO
bI O.",PC F'--u0G, XNCT =3 ,XFF=I ,1C TI=3000 ,00 TGASH = 150,qGAS O 2 = 2 00,XMR = 3 , PS= 8 t

I T' X C0, pI ?=20, Pt, PS (, PT0=20, PAPSC= 35, DEfL. PM= 14, P A I J= 2,NPRTPC= I, PLOAO=17,

TUR')IH=.2Is ; , I IF )=. 3 f,TUOSP I=10 ,TUIJFSPC=4,TUPLG1H= 15 ,TUPI, CU= 17.5, XNTURI-=62,

X'NTU'01 154, xNGPH=4, XNCPC=2 , PPC Hi=. 5 , WPPCNC= .73, T I PRCN= 1, R ITG= 1, W RH2=O,

Wr O0?=22CC,1LNO =0 1L .D
C

S INEI SEND
T, VALVF- S.E ND
,SLOWPC F=50C, 1,00000,3000 ,XE:T=33,33,33,33,XNEF=10,10,10,10,NPRTPC=0 SEND

I
$LINE SENO
$VALVF SEND
SL.WC F=1000,O0,0,XNE T=33,0,0,0,XNEF=1.0,0,0, ,TOTI=2.F6,3.E6,4.E6, 5.E6 SEND

1
$ L I NE -SE ND
SVALVE SEND
SLOwPC TOTI=300000C,0,0,0,X R=1,2,3,4,5 SEND

1
SL INF SEND
$VALVF SEND
SLOWPC XS'R=3,C,0,0,0,EPS=2,4,6,8,10 SEND

I1
SLINE SFND
$VALVE SENO
SLOWPC EPS=8,0,0,0,0, PTHI=15,PAPSH=35, PTC=20,PAPSO=35 SENC

I

SLINE SEND
SVALVE SEND
$LOMPC P TH 30,PAPS4H=50, PTC=20,PAPSC=35 $ENC

SL INE $FND
$VALVE SEND
$LOWPC PTH=20,PAPSH=40,PTC=15,PAPSC

= 30 SENC
I

$LINE- SEND
SVALVE S, F D

SLOWPC PTH=20, PAPSH=40, PTC=30, PAPS C = 45 SENC
1

BOOSTER CASE

SLINE LMAX70,,LF=55,,,3, 
,  2 5  0 4 2,1,1,1,e,1,1,1,1 .5,2,4,8,C,

0,6,12,1C,0 SEN
,VALVF FN=] 0, ',8,7 ,,5 ,t, ,3 ,2 ,1 ,0,0,,0,0,2,0,0O, 11,10 SEND

SL0OWPC F--2500, XNET=?) , XNEF= ,TOTI= 1, TGASH?=1iO, TGASO2=420, XMR=2,EPS=2,PTH= 17.5,

PAPSH=2.6,PT 117.5,PAPSr=26,ITT'AX=3
9 5 ,DELPM=11,PAINJ=2,NPRTPC=1,PLOAC=17,

TU3DH=0, IU!.'=C,T U1=S 0 , TLPS1PC=0 , TULCH=-- ,TUCLGG=0,XNIURE=0, XNTUR(I=C,

SXN(IPH-0, X',P = 0, C;rf!C V =I10 , v4 'kCKC =0,TI PRCf,-- , R I1(1=0, wRI-2=0, WRO2=C, IEN =C SEND

[ N) O1- i I.E

FIGURE 1-- 4
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should not be set equal to zero as this will result in a fatal error in 
the XLINE

subroutine (logarithm of zero). Line weights are correctly calculated as zero by

inputting line length (LFN (I, 1)) and number of lines (LFN (1, 3)) equal to zero.

Figure 1-5 tabulates the LINE NAMELIST variables.

1.4.4.2 VALVE NAMELIST - The VALVE NAMELIST describes the valve size and

number required in the propellant distribution assembly. The size of the valve is

based on the maximum propellant flow through the valve as determined 
by the number

of engines firing. Thus, the number of engines firing and the quantity (number)

of this size valve required are given in a 10 x 2 array named FN(I, 
J). Figure 1-6

tabulates the VALVE NAMELIST variables.

1.4.4.3 LOWPC NAMELIST - The LOWPC NAMELIST describes the auxiliary propul-

sion subsystem design variables. Included in the NAMELIST are:

(1) thrust level, impulse and number of engines required for a specific space

shuttle mission

(2) engine design parameters such as inlet temperatures, mixture ratio, and

expansion ratio

(3) distribution assembly design parameters such as main engine tank pres-

sures and temperatures, allowable pressure drop, and engine valve and

injector pressure drop.

(4) heat exchanger design parameters such as tube length, diameter, spacing

and number and

(5) propellant tank parameters such as available propellant residuals from

the main engine tanks and design pressures.

Figure 1-7 tabulates the LOWPC NAMELIST variables.

1.4.5 Restrictions and Limitations - A maximum of ten data inputs can be

made for each of the variables F, XNET, XNEF, TOTI, TGASH2, TGASO2, XMR, EPS, PTO,

PAPSO, PTH, PAPSH, and TTMAX. The actual number of inputs may vary but the number

must be identical for the following variable sets:

(1) thrust level (F), total number of engines (XNET) and number of engines

firing (XNEF)

(2) hydrogen main engine tank pressure (PTH) and oxygen main engine tank

pressure (PTO)

(3) hydrogen APS tank pressure (PAPSH) and oxygen APS tank pressure (PAPSO)

(4) hydrogen inlet temperature (TGASH2), oxygen inlet temperature (TGASO2),

and maximum main engine tank temperature (TTMAX).
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NO OF
VARIABLE UNITS VALUES REQ'D DESCRIPTION

LMAX(1) ft 1 Total distribution line length,
maximum value of aft or forward
lines from main tanks to engines

LMAX(2) ft 1 Total distribution line length
for remainder of feed system
(forward or aft)

LFN(I,l) ft 10 Length of distribution lines,
first five values correspond to

LMAX(1) and second five values
to LMAX(2)

LFN(I,2) -- 10 Number of engines that can be
fired simultaneously on each
individual line segment LFN(I,l)

LFN(I,3) -- 10 Number of lines of type and
length LFN(I,l)

LINE NAMELIST VARIABLES FIGURE 1-5

NO OF

VARIABLE UNITS VALUES REQ'D DESCRIPTION

FN(I,l) -- 10 Number of engines firing which
dictates flow rate through valve

FN(I,2) -- 10 Number of valves of each type
described by FN(I,l)

VALVE NAMELIST VARIABLES FIGURE 1-6
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LOWPC NAMELIST VARIABLES

NO. OF

VARIABLE UNITS VALUES DESCRIPTION

F lbf 1 to 10 Thrust level per engine

XNET -- 1 to 10 Number of engines in auxiliary propulsion

subsystem (APS)

XNEF -- 1 to 10 Maximum number of engines that can be fired

simultaneously

TOTI lbf-sec 1 to 10 Total impulse of APS

TGASH2 OR 1 to 10 Hydrogen temperature at engine inlet

TGASO2 OR 1 to 10 Oxygen temperature at engine inlet

XMR -- 1 to 10 Engine mixture ratio

EPS -- 1 to 10 Nozzle expansion ratio

PTO lbf/in 2A 1 to 10 Minimum value of oxygen main engine tank

pressure

PAPSO lb /in2A 1 to 10 Maximum value of oxygen APS propellant

storage pressure

PTH lbf/in 2A 1 to 10 Minimum value of hydrogen main engine tank

pressure

PAPSH lbf/in 2A 1 to 10 Maximum value of hydrogen APS propellant

storage pressure

WRH2 Ibm 1 Weight of main engine tank hydrogen residuals

available for APS usage

WRO2 Ibm 1 Weight of main engine tank oxygen residuals

available for APS usage

DELPM lbf'in 2A 1 Pressure drop available from main engine tank

to engines

PAINJ lbf'in 2A 1 Pressure drop across engine valve and injector

NPRTPC -- 1 Index which controls print-out of chamber

pressure optimization, if 0 - no print-out

FIGURE 1-7

1-29

M.CDONNELL DOUGLAS ASTRONAUTICS COMPANY- EAST



LOW PRESSURE APS DESIGN AND SIZING MDC E0398

COMPUTER PROGRAM I JUNE 1971
VOLUME II

LOWPC NAMELIST VARIABLES
(Continued)

NO. OF
RIABLE UNITS VALUES DESCRIPTION

of Pc optimization, 1 - print-out of Pc
optimization

LOAD lbf/in 2A 1 Loading pressure of APS propellant storage
tanks

ITMAX OR 1 to 10 Maximum temperature of propellant during
major APS burn

*PRCNH -- 1 Percent of hydrogen liquid flow rate being
conditioned in passive heat exchanger

iPRCNO -- 1 Percent of oxygen liquid flow rate being
conditioned in passive heat exchanger

-IPRCN 1 Index percent of total impulse being con-

ditioned, if 0-no thermal conditioning
required

IUBDH ins 1 Tube diameter of hydrogen heat exchanger

UBDO ins 1 Tube diameter of oxygen heat exchanger

UBSPH ins 1 Tube spacing of hydrogen heat exchanger

IUBSPO ins 1 Tube spacing of oxygen heat exchanger

TUBLGH ft 1 Tube length per panel of hydrogen heat
exchanger

UBLGO ft 1 Tube length per panel of oxygen heat exchanger

NTUBH -- 1 Number of tubes per panel for hydrogen heat
* exchanger

*NTUBO -- 1 Number of tubes per panel for oxygen heat
exchanger

INOPH -- 1 Number of panels in hydrogen heat exchanger

NOPO -- 1 Number of panels in oxygen heat exchanger

ITO -- 1 Ratio of makeup flow from APS storage tanks
to engine flow

FIGURE 1-7 Cont.
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LOWPC NAMELIST VARIABLES
(Continued)

NO. OF
VARIABLE UNITS VALUES DESCRIPTION

IEND -- 1 Case change indicator, i.e. if 0-change
value of data parameters

if 1-start complete new case and read in
dimensional variables that have no assumed
values.

FIGURE 1-7 Cont.
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In addition, the total number of cases per run cannot exceed 60 as defined by:

(NMR) (NE) (N ) (NF) (N APS) (N ) (N )< 60

where NMR = number of mixture ratio data points

N = number of expansion ratio data points

N P = number of main engine tank pressure data points

T
NF  = number of thrust level data points

N =AP number of APS storage tank pressure data points
RAPS

NT  = number of engine inlet temperature data points

N = number of total impulse data points

Sixty cases was selected as a maximum to maintain core storage 
requirements at a

reasonable size and thus reduce run cost and turn-around time. Multiple runs may

be accomplished by simply placing another set of data after the previous 
set or run.

Diagnostic messages are contained in the program concerning 
the engine chamber

pressure optimization scheme and the gas properties subroutines. In the main pro-

gram, three messages may be printed concerning selection of the optimum 
engine

chamber pressure. These messages and suggestions for correction are listed below:

MESSAGE CORRECTION

IDEAL PC ABOVE RANGE Indicates optimum chamber pressure is

above range of chamber pressures eval-

uated in iteration scheme. Correction

is to decrease the value of the maximum

allowable line pressure drop (DELPM)

thereby evaluating higher chamber

pressures.

IDEAL PC BELOW RANGE Indicates optimum chamber pressure is

below range of chamber pressures eval-

uated in iteration scheme. Correction

is to increase the value of the maximum

allowable line pressure drop (DELPM)

thereby evaluating lower chamber pres-

sures.
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M SSAGE CORRECTION

NO MINIMUI FOR PC No optimum exists because of linear

curve fit of feed component weight

versus chamber pressure.

Subroutines (PROFH2, PROFO2, PRPHOH) contain the message 
"SUBROUTINE DID NOT

CONVERGE." This message is printed whenever a problem 
occurs in solving the low

temperature equation of state. The case is not terminated by this error. The

error occurs when a zero or negative value of 
pressure, temperature, or density

has been input to the subroutine. Subroutine PRPHOH (gas properties above 540
0 R)

also contains the message "PROPERTIES ARE 
IN LIQUID REGION AT TEMP = XXX" which is

self-explanatory.

1.4.6 Output - Output consists of the input data contained in NAMELIST's LINE,

VALVE, and LOWPC and computed values of subsystem 
and component weights. If the

input variable NPRTPC equals one (1), the chamber pressure/feed system optimization

is printed for all ten (10) chamber pressures evaluated as well as for the optimum

pressure. If a blank card (IND = 0) follows the input NAMELISTS of LINE, VALVE,

and LOWPC, the printed output consists of total subsystem weights, and engine, line/

valve, mixer, propellant, propellant storage 
tanks, pressurization, and passive con-

ditioning weights. If IND equal 1, only the subsystem weights are 
printed. For all

computed output data, the parameter and 
units are defined in the printout. An

example is given in Figure 1-8 for a complete output (NPRTPC = 1, IND 
= 0). For a

suppressed output (NPRTPC = 0, IND = 1) only page 6 of Figure 
1-8 would be printed.

This output corresponds to the sample 
case discussed in Section 4.0 of Volume 

I.

Only the output for the design case is included here, 
sensitivity case output is

omitted to redure volume size.
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SAMPLE OUJTPUJT- ORBITER APS

PAGE 1.

SLINE

LPMAX O.8E' .St,

L F?. 0.12.. +009 G.1c '1*
2
, G.125E4KjZ, 0.15E+01, C.?SE+El, 0.351*029 0.4.1.40, 0.8E+01, 0 .aE*01 p 0.0,

IL+.052 , C.CE'21, .E E 51 , (.3E401, 0.t01 .eE+Ci, 0 . E+ u, 0.ku, O.E0, 0l-~, 00

0.2E+01, L.104'A, 0.2E#Oi, 0.E1+01, 0.5E+OL, 0.:3i+C1, 0.6E+J1, 0.151.402, C.09

o PAGE 2

b FN = .11+C2, .9.E.31, 0.eE4C1, 0.7L+01, 0.EL+01, C.5E4C1, 0.4E+lvl 0.3E+01, 0.2E+019 0.1E+019 0.2E+01, C

0- .0, :i.C, 0.C, C.9, 3.0, 6.2t+01, d-.,E+01, 0.11+01, 0.1.-E+02, Urn

TCC PEW CGN ,AtTS FUtO LK.SLESCFIFIEI Af.RAY 
r

ERFOR NIEIk 00L4S LIlECIL EV lh'L1#. AT ALL. ESI 0.Z7'.

T ALLEL FF01I LSC AT u00.372

10C FrW CC?.SIArTS FCW L?.IL C[IIEL AR.RAY

CALLEL FC LSL AT 000372=I

T CC FEW CCNsS1A4TS FOP, LtSLEICE.IFIEC AiRAV 
r

ERFCR NL~dEIk 03' GEILCTEL EV I?.ELIN Al ALLfREtS 03274E

( E ALLE, f CtP LSC AT 0 0.72

0 O FC P.1 CCISlAtT3 FCR LNILbSCFIFIEE ARRAY 024

iRCok NUIER 004S OLIECLL El IKFLlt' AT AELRESI 274

C ALLEU FFCI LSO AT C0027Z

eq CC FEW COt.S1AINIS FOP LNSL.3SCLlIlEL AA~.LY

* ERROR NyLItER 9040 &iTECTEL EY INFLIt AT ALL.KESS 032741

CALLEG FFP LSC Al uOfl372

* -ICC FEw (Ch lANT. FOR LKSL ZCIPIEL AkdNAY

~ )ERFCA 1,LP13ER 004.0 O.ET1.LIEL EV INIL1IN Al ALLALIS 0227'.b

C CALLEE FFOP L.SC AT 000372
m

- CC. FEW LCI S]AtkTS Hi-U LKSLE2SCFPPEL ARRAY

I LkPUR NIPEE 0140j OLTECTEL EVlv 1.LJIN AT ALLRESS 02274E

SCALLEL FF.CP LSL AT 060:72

Cf2~



PAGE 3

S LC WFC

F = 0.1t04, 0.0, 0.0, .0, 0* , .0, 0.0, 1.0, ., 0.0,

ANET = .3T:E+02, 0.1> h t * * ' , , 0 0 .0 . , 0 0

ET = G.E+ , 0.0, ., 0 .0, 0.0, 0.0, 0 .a , .0, C., 0.0,

S 0.2E+2, 0.0, 0 0, 0.0, 0.0, 0.0, 0.0, 1C, 0.L, 0.0,

Ic i 0.E ++0 7 , 0.0, 0 0, G . 0*. C, u.C .0*0 , 0 .0, C.0 G.0,

I.UASIC Z .15L*+ , 0, 0 , 0.0, 00, . 0,0,, ., . C .0, 0.0,

, f, ASC, 0 . , 0.,, 
G 0.0G

X4 .5E+ ..0, .0, 0.0, L., 0.0, 0.0,

EPS 0 .BE +(I I, G . O, 
.C, C C 0. ,I

S FTC = 0.E+U2, o.j, 1.0, 0.0, 0.0, 0.0, 0.0, L.0, 0.0, 0.0,
p EPl 1 . 0.8E+fl1, E.0, 1.I, 0.0, 0.0, 0.0, 0.0, c.0, O.0, 0.0, 

cc

FAFSC = 0.41+.2, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0., 00

p =0.0E+3d, 0.0, 1.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,

F = G.4L+ 2, C.0, c.0, 0.0, 0. c .0 , 0.0, 0.0, 0.0, 0.0, 
C

-Rl-2 =0* . C

b 0RC2 0 .22E+.+ , 

'

S) 

N

DELFI = 1 4 2

FAINJ 
.2+1

-
=I F ,

SC FLCAD = 0.17E+92,

O .+TtAX = 0 .. .F . 0 . .. 0 , C .0 , 
,  C .E , C .0, 0 .0,

C6 %FFC = 0.-E+-](

(= PFC9 5* o
O

CD C-
r- Ne CS

crn r



IUU.C-t' ::~z::~.PAGE 3

IUELC. = OliSr+C~ 
0

XNIhUEF = C.FbE+02, -
XP-UEC = O0. 154L+ 03 , I

Pb COOSFI

S==

RI( 0.1E+01, -u, 1.

~IUD =0, mf

PAGc s Si

Luw FkESULPE AFE SYb1I-ES15 FROGRAPw

C) FCEP.T OF FL~w CCt'LIIICNEO 1 .CCE0

SCFATIC OF INFLGI TC EFC1I E FLCkb IS 1. 0 C

b PER(EIfT OF HYCAC-LI\ FLGI, CCNsI71ONtL IS ..CO
* ~ PEPCENT OF CXYGEIN fLC CCNC17ICKI~ 1S .73C

0

~M m
m 40



PAGE 5

F -ET . . :: i Le( Lb VDLbE EIGI S iCIAL WEIG-T ECCST TA K FRESSLRES

LLtI LtP LbP LE1 LeP FSIA PSA

5.18 4j8 * ZEI.* 7 2zt.rO 173.S4 167.% 5.9Z.i2 20.00 20.00

b.1 6 3 5S 7.( 2I1. 5. 2 * 2 .e 5 7 7 0 .1 3 4 18.. 20.00 20.00

8.14 
c. 128.7 1elio 169.C6 4.234..b8 20.Co 20.00

9.2. 3..7 271. 9 2cE77 leE.e7 1 73. 7 3911.26 20.G0 20.00

10.e0 27e .147 c E.105 23 .1 
3 1.2b 367.0 2 20. o 20.00

CF 1 .2 VE 0S E4. LLEE 2 .5 5.74 202.5 188.52 N3 2. 20.00 20.0013.E6 41. It ---0 k.10 27E.88 Z1.S 200.13 31.1e.e1. 2000.00 
I

p 
0r

c:

PAGE 6 S

1504229ct .2.7 JOE.93 2-..25 210 33b7.50 20.00 2.0

iC.AL LC F ESSURE S SY2 . WEt , 2 0 ANK F7ESE RE 
=  E0 . 2 EC 3 4T TA bK P20.0 20.00 

V

C1 . 4211 0 3 .1 1 760.21 4 4 . E E 13 c b 450 -. 0 20.00 20.00

e eCF 

1 I p C 4 P RL S L E A L L E S F C R = 0 A N [ E P SF 8 

G o

PR A.29 FESS F IRLS. iELG 2) 9A 2 222.58 207.2 2.00 20.00E T LJA

kAIC AFS TANK IC IE DEb ESE E E$TIH S EG1 wIh
c2 C2 

LD LE- 5E C LE LB M

fri

~~~~FSIA S A L F E S ] C E IN ES@¢

3. , 0 1 3 , 0 L ( 3 t 0 .0 . 1 .5 87 *4 3830.34 3,U0£+06 7148.78 11579.12 
.

PAGE 7

E CIA E RESSUREA T LI 2 U C ER Ch EER EC ST T0K FRES SUR ESSLREE 20 EUT00C
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LIIL VALVES
PAGE 8

LINE LFNClH 0.00

PR AREA FfESbLFE iI) IANK 1HRLtT NC. ENG CHAtEER LINE LIAPL1ERS L1NL WEIGhTS VALVE MEIGPTS

NAIO dLOSI AAK LESIC- FIRE 1I FRESSLAE 02 h2 02 H2 C2

t-2 C2
0S1A FSIA CEEC LEF FSIA INChE LEP LBSP

o .C0 E.00 22.00 2~.0C 20.OC 1000.co 10 ZZ 14.i 8.739 e.c39 316.0e 295.3e .222.58 207.22

ME 9
I -U

g0

S rn
PAGE 9 fl)

#'I )EF AS5Y

PR AREA FkESSuRE (1) lANK 1mkLT1 NC. E.C .LNA EEF LINE CIAPETER MIXER ASSY hEIGhTS
RATIC BCOST TANK CE1GN, FIREL ICT FFESSLRE H2 02 C2

Fi- C2
PSIA FSIA LE F LEF PSI INChES LENM

3.°0 8.00 23J.O 2.O 200.0 1000.00 10 32 14.2 8.739 8.239 133.83 121.79

C 2
PAGE 10

FRCPELLAT NEIGHTS
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LOW PRESSURE APS DESIGN AND SIZING 1 JUNE 1971
COMPUTER PROGRAM VOLUME II

2.0 LISTING

2.1 Program Listing - Appendix B herein contains a complete listing of the

program, including all of its.subroutines. The listing was obtained using a

McDonnell Automation Company computer program called 
"DISSECT." In addition to the

listing, the DISSECT program givesleach statement a number, 
lists all variables in

alphabetical order, traces all references to each variable, identifies the type of

each reference, and indicates whether or not a particular 
type of reference appears.

Statement numbers are listed separately in a similar manner. 
All functions and

subroutines referenced are listed alphabetically under 
appropriate headings. All

routines listed and all routines referenced are tabulated 
separately. Cross

references and common information are listed and the page where 
each routine appears

is indicated.

2-1

MCDOCNNELL DOUGLAS ASTRONAUTICS COMPANV. EAST



LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

APPENDIX A

PROGRAM FLOW CHARTS

A-i

MCDONmELL DOUGLAS ASTRONAUTICS COMPAmNY EAST



LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

OS/18/I?1 TABLE OF CONTENTS AND REFERENCE. AUTDFLOM CHANT SET - PAGE 1

CARD ID PAGE/S0 NAME REFERENCES 15DURCE SEQUENCE NO. AND PAGE/BOXI

FORTAAM MODULE

CHART TITLE - IMNrRODUCTORY COMMEN5TS

CHART TITLE - PROCEDURES

LSC 230 2.01 100 LSC 3270 6.17 LSC 4150 9.12

LSC 260 2.02 LSC 350 2.0%

LSC 350 2.04 110

LSC 360 2.06 120 LSC 3260 8.16 LSC 4140 9.12

LSC 440 2.12 130

LSC 440 2.12 LSC 440 2.13

LSC 460 2.15 LSC 470 2.18

LSC 470 2.16 140

LSC 470 2.16 LSC 470 2.17

LSC 490 2.20 LSC 510 2.24

LSC 500 2.21 LSC 510 2.23

LSC 5I0 2.22 150

LSC 55330 2.28 LSC 610 3.07

LSC 560 2.30 LSC 550 2.28

LSC 370 2.32 LSC 560 2.30

LSC $80 2.34 LSC 70 2.32

LSC 090 3.01 LSC 380 2.34

LSC 600 3.03 LSC 590 3.31

LSC 610 3.05 160

LSC 610 3.03 LSC 600 3.03

LSC 610 3.07 LSC 610 3.05

LSC 870 3.13 LSC 720 3.11

LSC 4160 3.16 680 LSC 930 3.14

LSC 950 3.19 LSC 3100 6.10

LSC 970 3.22 200 LSC 950 3.19

LSC 980 3.23 LSC 3180 8.09

LSC 990 3.24 LSC 3180 6.08
LSC 1080 4.01 LSC 1030 3.2S

LSC 1090 4.02 LSC 2190 6.14

LSC 1100 4.03 LSC 2190 6.13

LSC 1140 4.04 220 LSC 1610 4.29

LSC 1170 4.09 230 LSC 1700 5.18 LSC 1840 5.23 LSC 1890 S.26

LSC 1370 4.15 LSC 1360 4.13

LSC 1550 4.23 240

LSC 1550 4.23 LSC ISSO 4.24

LSC 1600 4.20 260 LSC 1160 4.21

LSC 1630 4.31 270

LSC 1630 4.31 LSC 1630 4.33

LSC 1630 4.33 LSC 1630 4.31

LSC 1610 3.03 LSC 1640 S.01

LSC 1660 5.05 LSC 1630 5.03

.LSC 1670 S.06 LSC 1680 S.08

LSC 1600 S.07 200

LSC 1730 S.14 LSC 1TO0 S.11

LSC 1900 5.19 350 LIC 1740 S.13

LSC 1790 5.21 300 LSC 1150 S.16

LSC 18SO 5.24 330 LSC 1760 $.17

LSC 1In0 6.01 370 LSC 1600 4.28 LSC 1930 S.20

LSC 2060 6.06 360 LSC 1990 6.01
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

S03118/71 TABLE OF CONTENTS AND REFERENCES AUTOFLOV CHART SET - PAGE 2

CARD 10 PAGE/EON NAME REFERENCES ISOUtCE SEIGUINCE N0. AND PAGE/BOXI

LSC 2190 6.15 390

LSC 2190 6.13 LSC 2180 6.10

LSC Z2u0 6.18 LSC 2950 7.19

LSC 2240 6.19 LSC 29930 7.18

LSC 2530 6.30 LSC 29SO 7.17

LSC 2830 7.11 440

LSC 2830 7.11 LSC 2830 7.12

LSC 2930 7.16 430

LSC 3010 7.24 LSC 3130 6.06

LSC 3030 7.26 LSC 3130 8.09

LSC 3090 7.29 LSC 3040 7.27

LSC 3100 1.33 LSC 3130 6.04

LC 3130 8.02 460

LSC 3130 6.02 LSC 3120 7.34

LSC 3180 8.08 300

LSC 3260 6.16 LSC 3240 8.14

LSC 4130 9.11 670 LSC 4200 3.16 LSC 4000 9.06

CHART TITLE - NON-PROCEDURAL STATEMENTS

CHART TITLE - SUBROUTINE ENGISP

ENGI 10 13.01 ENGISP LSC 1220 4.07-x LSC 2310 6.22-E

CHART TITLE - NON-PROCEDURAL STATEMENTS

CHART TITLE - SUBROUTINE ENGINE

ENGI £0 15.01 ENGINE LSC 1290 4.10-X

CHART TITLE * NON-PROCEDURAL STATEMENTS

CHART TITLE - SUBROUTINE XLINEIXLI

XLIN 10 17.01 LINE LSC 1400 4.16-X

KLIN 250 17.04 XLIN 560 16.07

XLIq 280 17.06 OLIN 360 18.06

SLIN 390 17.13 100 XLIN 360 17.11

SLIN 410 17.16 SLIN 400 17.14

KLIN 420 1.16 LIMN 410 17.16

NLIN 430 IT.20 XLIN 420 17.16

ALIN 440 17.22 XLIN 430 11.20

SLIN 450 17.24 SLIN 440 17.22

SLIN 400 17.27 SLIN 470 17.25

XLIN 490 17.29 XLIN 480 17.27

OLIN 500 17.31 XLIN 490 17.29

SLIN 310 18.01 SLIN 500 17.31

OLIN 520 18.03 ALIN 510 18.01

OLIN 560 18.05 I10

CHARI TITLE - NOM-PROCEOURAL STATEMENTS

CHARI TITLE - SUBROUTINE VALVE

VALV 10 20.01 VALVE LSC 1400 4.20-N

VALV 00 20.03 VALV 130 20.06

A-2
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LOW. PRESSURE APS DESIGN AND SIZING I JUNE 1971

COMPUTER PROGRAM VOLUME iI

5OI1i8/71 TABLE OF CONTENTS ANO REFERENCES AUTOFLOM ChART SET - PAGE 3

CARD 10 PAGE/6R E NAME REFERENCES tSORCE SEQUENCE NO. AND PAGEBDO

VALV 130 20.05 100

CHART TITLE NON-PROCEOURAL STATEMENTS

CHART TITLE - SUBROUTINE INTERPIN.MNQ.NI.xY

INTE 13 22.01 INTERP LSC 1690 S.09-X

INTE 60 22.03 INTE 90 22.08

INTE .80 22.05, ANTE 90 22.07

INTE 90 22.06 100

IANTE 160 22.12 INTE 250 22.22

INTE 190 22.14 110 INTE 1O0 22.12

INTE 200 22.15 ANTE 250 22.21

INTE 230 221R 120

INTE 230 22.18 ANTE 230 22.19

INTE 240 22.20' 130 INTE 200 22.15 INTE 210 22.16

INTE 250 22.21. 140

INTE 260 22.24 INTE 330 22.30

INTE 300 22.26 INTE 330 22.29

INTE 320 22.26 150 INTE 300 22.26

INTE 330 22.29 160

INTE 350 22.32 INTE 360 23.02

INTE 360 22.33 170

INTE 360 22.33 ANTE 360 23.01

INTE 390 23.04 INTE 410 23.00

INTE 410 23.06 1E0

INTE 410 23.06 INTE 410 23.07

INTE 460 23.11 190 ANTE t100 22.09

ANTE 470 23.12 INTE 490 25.16

INTE 490 23.14 200

INTE 490 23.14 INTE 490 23.35

INTE 520 23.19 INTE 540 20.23

INTE 540 23.21 210

INTE S40 23.21 ANTE 940 23.22

ANTE 570 23.25 INTE 630 24.04

INTE 580 23.26 ANTE 630 24.03

INTE 590 23.27 220

INTE 610 24.01 230 INTE 580 23.26

INTE 620 24.02 2.0 INTE 600 23.27

INTE 630 24.03 250

INTE 650 24.06 Z60

INTE 650 24.06 ANTE 650 24.07

INTE 600 24.09 INTE 800 24.20

ANTE 720 24.12 INTE 750 24.15

INTE 740 24.14 170 INTE 720 24.12

INTE 750 24.15 260

INTE 600 24.19 ANTE 820 24.21

INTE 820 24.20 7190

INTE 840 24.22 300 ANTE ?70 24.16

INTE 850 24.23 ANTE 870 24.27

ANTE 670 24.25 TO10

ANTE 870 24.25 INTE 870 24.26

INTE 00 24.26 )20

INTE 910 24.30 INTE1020 25.07

ANTE 960 25.01 310 ANTE 920 24.31

INTE 990 25.03 340
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VCOMPUTER PROGRAM OLUME II

05/1/71 TABLE OF CONTENTS AND REFERENCES AUTOFLOM CHART SET - PAGE 4

CARD 10 PAGE/IOX NAME REFERENCES ISOURCE SEQUENCE NO. AND PAGE/BOXl

INTE 990 25.03 KNTE 990 25.04

INTEIOIO 25.06 390 INTE 950 24.32

INTOE1020 25.07 360

INTEIO40 25.08 370 INTE 420 23.09

INTE1080 25.12 360

INTE1080 25.12 INTE100 25.13

INTE1100 29.14 390 INTE1060 25.10

INTE120 25.16 400

INTEIO20 25.16 INTE1120 25.17

INTE1ISO 25.16 410 INTEIIOO 25.14

CHART TITLE - NON-PROCEOURAL STATEMENTS

CHART TITLE - SUBROUTINE MIXER

MIXE 10 27.01 MIXER LSC 2020 6.04-X

CHART TITLE - NON-PROCEDURAL STATEMENTS

CHART TITLE - SUBROUTINE PASHEX

PAINSH 10 29.01 PASHER LSC 2340 6.24-X

PAINSH 150 29.04 PASH 140 29.02

PAINSH 250 29.10 PASH 240 29.08

PAINSH 350 29.16 PASH 340 29.14

PASH 410 30.03 PASH- 400 30.01

PASH 460 30.07 PAIN 470 30.05

PASH 570 30.12 100 PASH 210 29.06

PASH 580 30.14 PASH ST0 30.12

PASH 610 30.17 PASH 600 30.15

PASH 710 31.03 PASH 700T 31.01

PASH 770 31.07 PASH 760 31.35

PASH 640 31.12 PASH 830 31.10

CHART TITLE - NON-PROCEDURAL STATENENTS

CHART TITLE - SUBROUTINE PROPEL

PROP 10 33.01 PROPEL LSC 2S90 6.32-X

CHART TITLE - NON-PROCEDURAL STATEMENTS

CHART TITLE - SUBROUTINE TANK

TANK 10 35.01 TANK LSC 2670 7.02-N

TANK 200 35.10 TANK 270 35.08

TANK 300 35,13 TANK 290 35.11

CHART TITLE - NON-PROCEDURAL STATEMENTS

CHARF TITLE - SUBROUTINE PRESYSIPTO2,PTH 2.PTT.R2,R321

PRES 10 37.01 PRESYS LSC 2180 7.0-0

CHART TITLE - NON-PROCEDOURAL STATEMENTS
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1COMPUTER PROGRAM JUNE 1971
VCOMPUTER PROGRAM OLUME II

05/118/71 TABLE OF CONTENTS AND REFERENCES AUTOFLON CHART SET - PAGE 5

CARD ID PAGE/BOX NAME REFERENCES ISOURCE SEQUENCE NO. AND PAGE/BOX)

CHART TITLE - SUBROUTINE PROFH2IT.P.RHOH.SI

PROF 10 39.01 PROFH2

PROF 280 39.02 PROPH2

PROF 300 39.04 100 PROF 270 39.01

PROF 670 40.01 170 PROF 620 40.05

PROF 610D 40.04 160 PROF 390 40.14

PROF 330 40.09 110 PROF 300 39.04

PROF 370 40.11 120

PROF 370 40.11 PROF 370 40.12

PROF o00 40.16 210 PROF 360 40.13

PROF 450 41.01 140 PROF 410 40.15 PRDF 430 40.19

PROF 520 41.06 PROF 510 41.04

PROF 540 41.08 150 PROF 500 41.03 PAnF 590 41.12

PROF $40 41.08 PROF 520 41.06

PROF1300 41.13 250 PROF 570 41.11 PROF T760 41.19 PROF 850 42.03 PROF1480 43.05 PROF1590I 43.19

PROF 710 41.15 180 PROF 670 40,01 PROF 690 40.03

PROF 730 41.16 190 PROF 780 41.20

PROF 830 42.01 220 PROF 800 40.16 PRDF 810 40.17

PROF 840 42.02 230 PROF 550 41.09 PRDF 740 41.17

PROFIORO 42.14 240 PROF 900 42.35

PROF1450 43.02 290 PROFISGO 43.06

PROFI330 43.07 PRDSH2

PROF13O0 43.09 210 PROF 700 40.03 PRwF 820 40.17 PROF 440 40.19

PROF1390 43.10 280

PROFI390 43.10 PROFIl'O 43.11

PROFIS20 43.14 300 PROFA410 43.13

PROF1560 43.16 310 PROFI610 43.20

PROFI630 43.21 330 PROFL400 43.12

PROFI640 43.22 340 PROF1460 43.03 PROFISTO 43.17

PROFII80 44.02 350 PROF1320 41.14 PROFIOTO 42.13 PROF1290 42.22

PROFI900 44.06 360 PROF1810 4,4.02

PROF1970 44,09 PROLH2

PROF2060 44.14 370 PROF2O20 44.11

PROF2100 44.15 380 PROF2030 44.12

PROF2110 44.16 390 PROF2050 44.13 PROF2090 44.14

CHART TITLE - NON-PROCEDUkAL STATEMENTS

CHART TITLE - FUNCTION HINTIRHO.TI

CHART TITLE - NON-PROCEDURAL STATEMENTS

CHART TITLE - FUNCTION SINTIRHO.TI

CHART TITLE - NON-PROCEDURAL STATEMENTS

CHART TITLE.- FUNCTION FUNCTIP.T.RNOI

CHART TITLE - NON-PROCEDURAL STATEMENTS

CHART TITLE - FUNCTION DFDRIP.TRHOI
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S0/1i81l71 TABLE OF CONTENTS AND REFERENCES AUTOFLOW CHART SET 
PAGE 6

CARD ID PAGE/BOx NAME REFERENCES (SOURCE SEQUENCE NO. AND PAGEf/BOXI

CHART TITLE - NON-PROCEDURAL STATEMENTS

CHART TITLE - FUNCTION DFDTIPT.ERHO)

CHART TITLE - NON-PROCEDURAL STATEMENTS

CHART TITLE - SUBROUTINE PROFO24ITP,RHOH,SI

PROF to0 6.01 PROFO2

PROF 2SO S6.02 PROPO2

PROF 210 56.04 100 PROF 240 56.01

PROFIlTO 57.01 280 PROF 360 57.11

PROP 300 ST7.06 110 PROF 270 56.04

PROF 340 ST7.0 120

PROF 340 57.06 PROF 340 57,09

PROF 730 57.13 190 PROF 3S0 $7.10

PROF 790 57.18 200 PROP 740 S0.14

PROF 430 58.01 140 PROF 400 37.04 PROF 380 S7.12

PROF 480 S8.05 PROF 470 S8.03

PROP 490 58.06 ISO PROF 340 S0.10

PROF1660 58.11 350 PROF 920 58.09 PROF 640 09.03 PROP 940 9.17 PROFIOTO 60.05 PROPF260 61.06

PROFISO0 61.13

PROF 000 09.01 160 PROF 410 57.05

PROF 600 09.02 170 PROF 680 S9.07 PROF 710 S9.08

PROF 690 59.06 IEO PROF 650 59.06

PROF 630 $9.09 210 PROF 790 57.16

PROF 890 59.13 220 PROF 820 57.20 PROF 640 39.10 PROFIISO 60.09

PROF 910 59.14 230 PROF 960 59.18

PROF 960 60.01 240 PROF 880 59.12

PROPF1030 60.02 250 PROFILLO 60.07 PROF1140I 60.08

PROF1120 60.08 260 PROFIORO 60.06

PROFIIO50 60.09 270 PROF 10O 57.20

PROF1200 61.01 290 PROFItTO S7.01 PROFI11O S7.02

PROFI220 61.02 300 PROF 500 58.07 PROF 620 09.03 PROF 920 59.15 PROFIOSO 60.03

PRaF1250 61.05 310 PROPFL230 61.03

PROF140S 61.0B 320 PROFIZ40 61.04

PROFI4EO0 61.10 330 PROF S30 61.14

PROFIO40 61.15 360 PROF490 61.11

PROFO1690 62.08 PROL02 PRES 280 37.12-X

PROF17T70 62.13 370 PROFIT30 62.10

PROFIIO 62.14 380 PROFiT40 62.11

PROFI020 62.15 390 PROFI760O 62.12 PROFI800 62.13

PROF(80O 63.01 PROS02

PROFI690o 63.03 400 PROFIo90 57.02 PROF 420 57.*0O PROF 870 59.12

PROF1940 63.0? 410 PRUF1900 63.04

PROF1960R 63.00 420 PROFIl910 63.05

PROF1990 63.09 430 PROFI930 63.06 PROF970 63.07

PROF2120 63.16 440 PROF1680 58.12 PROFI690 61.19 PROFI440 62.07 P40FI840 62.15

PROF2220 63.20 450 PROF2120 63.16

CHART ITITLE - NON-PROCEDURAL STATEMENNTS

tCHARI TITLE - SUBROUTINE PRPHOHITEMP*PRESS,RNO.H.S,US

PRPH tO 65.01 PRPHON

PRPH 16U 65.02 PRPH2 PROF 310 39.05-X PROF 600 40.07-K
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LOW PRESSURE APS DESIGN AND SIZING t JUNDC E03981
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COMPUTER PROGRAM VOLUME i

05/18/71 TABLE OF CONTENTS AND REFERENCES 
RUTOFLOM CHART SET 

PAGE

CARD 10 PAGE/BOX NAME REFERENCES SOURCE SEQUENCE NO. AND PAGE/IOX)

PRPH 260 65.04 PPO2 PROF 280 56.05-X PROF 170 51.16-

PRPH 360 65.06 0PRPHE PRES 90 31.02-x PAES 140 37.05-1 PRES 100 37.07-X PRES 230 37.09-x

PRPH 480 66.05 0oo PRPH 150 65.01 PRPH 250 65.03 PRPM 350 65.03 PRPH 440 65.07

PRPH10O 66.12 140 PRPH 700 66.11

PRPHIOO5 66.16 150 PRPH1020 66.13

PRPHM1120 66.19 170TO PRPHI010 66.12 PRPH1040 66.15

PRPH1200 66.23 180 PRPHI290 67.13 PRp1370 67.17

PRPH 820 67.01 110 PRPH 720 66.02

PRPH RR0 67.03 120 PRPHM 930 67.07

PARPH 940 6T.06 130 PRPH 890 67.04

PRPHIOO 67.09 220 PRPH 910 67.06 PRPH1360 67.16

PRPH1250 67.12 190 PRPH1240 66.25

SPRPH1300 67.14 200 PRPHI240 66.25

RPAPH138I0 67.18 210 PRPH 800 66.04 PRPH 970 67.08

CHART TITLE - NON-PROCEDURAL STATEMENTS

CHART TITLE - FUNCTION CVINTIPT*RHOI

CHART TITLE - NON-PROCEDURAL STATEMENTS

CHART TITLE - SUBROUTINE MSATIPTI

HSAT 10 72.01 HSAT LSC 2740 7.05-X

CHART TITLE - SUBROUTINE OSARTIPTI

0SAT 10 73.02 OSAT LSC 2750 7.06-X
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0Sh1E/7T AUTOFLOM CHART SET - PAGE 01

CHART TITLE - INTRODUCTORY COMMENTS

LOWM CHAMBER PRESSURE SYSTEM SYNTHESIS PROGRAN

INPUT VARIABLES IN FPS UNITSTEMP IN RANKI'EPRESS IN PSIA

A-8
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PAGE 02

05/1i/71 
AUTOFLON ZHART SET -PAGE

CHART TITLE - PROCEDURES

/ 100 /
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/ WRITE TODEV / I I 26
6 [ YES I I --- -- -- -- --

. VIA FOANAT I I I I AE/ L

LINER I Ii /WARITE TO DEW I N ARIN II *-*
--------- 1 I 1 A*-INLE. 1.OE-6N

I I& FD IA I / A EAT II N N I

I I I LONPC I I * * I

0, 1...........----
I O I I I 

",I U

-- -- ------ is 
3

IREAD FROM DIE IO I NOTE B?

I . O I N I I I .
.0

REA FROM DRY o *e I I dOTEA1Y I

I VIA FORMAT I END OF DO N---- I A BEGIN OOP I I

/ VALVE I , I LOOP * I A A A 0 * I I t

I----N-I-N--N-N 
N N N I . is3

I I-------I-I-------
I I II I N(6I . kt I - I I

-O N I-I-S I - - - - -

/....... / I I I 
I

I NRITE TO DE / I
/ A • I I 

...I .

/ VIA FORMAT I I I

VALVE 
I

---------- -

A-9
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1COMPUTER PROGRAM JUNE 1971

COMPUTER PROGRAM VOLUME II

05/18171 AUTOPLOM CHART SET - PAGE 03

CHART TITLE - PROCEDURES

02.34**--0 ----------- - --- 03. IS*-l*
1 09 I

01 1 ----- 19

* I I WRITE TO DEV /

* 6 / *

FALSE *' ISEPS/ I VIA FORMAT / TRUE

W AWSIEPSIIII * I 170 - * NFRTPC .NE. 0*

I *.LE. .E-* I / FROM THE LIST I 6
* * I- - I

I S e I II*

ITRUE I NOTE 10 IFALSE

I . . . * .* .... I I
I I I * LIST * TIPACRN *I

I I I * AITOW MPACRNw * I
SI I MPRCNO *

S I I *W********* I I 2
I I 02 I I II 20

S --...............--- I I I RITE TO EV
I I N * M0I -1 I I I I 6 EV I

SI * I / VIA FORMAT I

--------- '-- I 10 I

I I FALSE ' RITO .T. * I /FROM THE LIST I

' 03 1 - -- * 1. .AND. I -

* * I I *TIPACN .EQ. I

: . I I
FALSE * ASIPAPSO * I0 I I NOTE 21

I .... * Ill .LE. I I I LIST * PTHIIII
I * .E * I I ITRUE * PTOII *

• I 
ITRUE I. I ...... .I .

ITU 1 1. ------------ It
I I I I 200 I NOTE 22

I --------- * BEGIN 00 LOOP
I/ / *S00 IR 6 1 NA'

III / WMRITE TO DEV I * S W W W *5

II 04 I I / 6 I I

........ ........ I VIA FORMAT / 08.09--- 1i
I NIE) NIM I I I / E I I NOTE 23

.. ...... Il .. ..... I * R50ESINI 00O LOOP

S--- - - - - - - - --- --- - I EP * . N T

I I 1 13

160 OS I '-- - --. . 08.08--- I
C S I NCS3 I R.R--I

* I I NCSI 24

FALSE.*ARS(PTHIII' I I KF * S I '

-.-* .LE. ..E - 6 I I

I * I I KI * 0 I PTIIPT I

I * IPT I I I ANAI1IPTHIllI I

• I I I EPTOIJJII I

I ITRUE I I NBIP * 0 I

NBP I I I AMINIIPTHIIll I

-I.................- I PTOIJJSS II IS I I I""'. I

I I I - KF I
O 5 I ' .. . ..- - . .. .. .

I ' ----- ' I 14 I

I I SIal Ni) - I I * * I

I *------------------- I SII- I* R6*NTeN8 * TRUE 29

------------ I I * 1*NIONS4e------------------ *

S I * .GT. 60 * 680 1 6FALSE• 07 I 
-. . . . . . . .M FALSE

•I' * I / * PRTFPC .NE. 0 *-+

I / RITE TO EV /

"' NO I IFALSE i A / " * I

END OF 00 '* I I / VIA FORMAT I * I
* LISP ' I• I / 49 /

LOOP * ...... ...... ITRUE . 4.
• I II I •.31.

S III

IVES .•2". S OE IS I 7 I* 8 1* . .'

I . 28 I *C* * * *C'

... * BEGIN O LOOP ' / READ FROM DEV /I
• SO iI•.I.N6 * / S I 26

1I S C * • ' * . 0 /. VIA FOR AT I ./....

I / 510 / / /

I 08 I I/ INT3 THE LIST / / WRITE TO DEV I

M21 N Mill I S I I / VIAFORMAT /

I I / 210R I
4 I 1 3.9 to -----------

I 931 " Nil) I I / 3.1 I NOTE 1

I 'l(9)* N) I I ' LIST * IND

*----- " I *C**W*******
• 9 I I I I i I

II I.
S* I / 4.01

9.11.

... 670
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

05/18/T AUTIFLOw CNART SET - PAGE 4

CHART TITLE - PROLtDURES

3--25----- - - - - - -------- --- --- -------------- .

S NOTE 0 t £ D I E1 I 1 NOTE 2?

* 390 IF * I. NL * ~1 I ENGINE H I I * lt tlt .
* S * * 5 A"

•  
* * A 0I I H £ £I E2 " DO2(J) * ASl~lldT£2,I. *

* * * 101 H I IXI D W2TJI . *

06.14--- 1 I1I H 1 PRESS - ONETIIF)I £ WNTI4.£. *

I 4OTE 02 - -- ----- -- .. D a MTIS. dFOIJ. *• A • * * A A A A A • I £ OELP - INEPIIFI £ * PTH£I££. PTO£l£I

* BEGIN DO LOOP * I £. .... .. . £ * H A 
•  

S * * * H

* 390 ITMA . 9 Nq " £ £ I £

A 1 I -- ----- A -........... I.--- 60 * 2I

0 03 W ATil .tI E R I I 12 0 2 I

.. 3 --- .. IS I I I --* ------VALVE 1 2 E

*-----------A ------------- 5 101 VALVE H I II I I I I I I. IH TRUE

£ I 10 1 H 1 I * 1D EQ.1 *

10 * 0LINES I . . . . . . . . . II [N 0 1 I I I I**I I I LINES £ A------------- - A FAL* E I

S J-I I I a £I * I
I I

£ PLI PTT - I 12 II IFALSE * A

I DELP- PAINJ I. 1- - ---....------. . .-- --- A I I .31.

--.........-- -... 1 PRESS * PTIPTI I I I T4.£1 xl I I I *0

04.29---I £ I TEMP* £ I I WTISE II 2 X I I

220 I 04 1 TTMAXIITMAXI I £I I 1
- ;.......-----A I I I I FOJI £0. 1 1

S . J I I I OELP PTT - I I -------.----- - * * 29

I I 1 IPCJII PAINJI I I

£ JI -------- - ------ S A I £
SPCIJ. OELP - II *...... .. . NOTE Z .I $ * TRUE

I . EL0. £ I * 
• 

* A * * A * J .Lt. 11 *-

---...... .--. I * BEGIN D LO0P * I I
• . . ........... • .,* * *

I * * I *A H SI~ I * ****£ " " A£I

ISP CALC I FALSE I .....-------- i IFALSE . 4

S*---- DELP .G 20 I 23 34

O0.18,--1£ • OELF" . ............ 24...
230 -- 05 I * * I AFOIJI * FOIJ I I 220

* - - - - £ • * £ I £ *uT£1.£l I £

I R " ITUE FI I I I •- NOT-I ITRUIE I •M • OTE A•ID

I D EPtTRR X l R l 2 4 Z * 1 * 6 IN2 7 J .- C L O O *TEMP * •I I I *

I TTN PxilTNAP i I. 1 • * * I 0I 33I-11

l x| - EP tllEP~ l I* .. . . ...... ... -- -- * • - * E" " 
N
D DF Do * I 7 I* 3

S T...TMA T.A.. . I I I OELP ELPM BEIN D LOP0 L

I A *1 .A*IN IRS
T0- TTN .....A . I 15 ye 3IJI L ....
£ I-ESIPI £I I I 14 9 1 No A I 1 T4.13---III

S£ I I I-------------- END OF 00 F 1*
I 2 ------MRI I * DELPG-ELP"*LP A I *----------- ------ A I

£3I E G S I I * * £A S

06 1 - --------- . * F ALSE

* -------- E - * ITES I EI S OIJI .Lt. H-

.1 2 * IM.. RI I I ---- - - - I I I I I WPOIJ -D E

----- I I III I X*RII*I I *I I I A

IX2 XlISP I

I 0 7 I I £ I LI TE

*------------------* ... 10PIIPI I£ I

-7 II *

S...---.--*. - * 25 I

1 I 0NGISP H I 
1 *

I. I H £I £ * S

I0 IH I I 16 A TRUE I
II H - - ----------------- A NMTPC .E0. 0 * ... 1 02 £

-..........---... --- 1 1I * - ------

7 ITI XLINE N A A I IND £ £

I t. 
----

L H •I------

S.----- I I H IFALSE -II..---

£ XISP.01 I - - - - - - --l I I 33

I ............. I I..1

1 0 . .
---- *------ * I I N1 I - DEL I I 33I F A

PR S PC - I I I£ I I25Rte

I I X E 1 FRO*HE

I I -------------------- * -
I o• •ov s Ac

ENGINE £ I SWTIZ.I£ * XE 26 END OP DO S-A

1 . 2 £ . . . . . . L O O P *

£ *ST£3.) * 12 £ SMITE TO OE £- - *

I oN I F F 6 I V L 
• I

.. . . . . . £ £ 0H2£JI * OELP----- VIAFONAT /

£ IRE £ I~J ODO JI ' * 3 I I PEON THE LIST / I * 3£

| A£•EP£IBPSJ I* .. .. ... . . • . ..

I MZ.ONRETIPFI I

£ Xl * FIIFI £ VALVES £

A-1I
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II1VOLUMEII

05/l0/Tl AUTOPLOM CHART SET - PAGE 05

CHAAT TITLE - PROCEDURES

/ 330

II
0 4° S 3 - * O $ . 1 - -- l l4

* 01------------8l
8 I I/

* * * 11 / WRITE TO DEW
FALSE* M I * * / A

e--- . END .GT. 9 * / VIA FORMAT

I1 FALSE •• / 310

* * * - - SE N P R T P C .N E . 0 * . .. . . . .

•IAE .1 1 2S
I * * I I

I A I I * * I 2
I ITRUE I I A * I

II III I I I I /WRITE TO DEV I

II 
6 1

II I VIA FORMAT

I 02 I I I I 340
I *-------...... . I I I.

I I IND 9 I I I 12 I
III ISEITE[TO OEV / I 26

.--------- * II I I ----- - - ------

I I I VIA FORMAT / I J 2

S03 / 290 / ----

* * I I / FROM THE LIST I
* * I I ---- ---

FALSE * I I I I

---- * IND .LT. 4 I I I **

I * * I I I NOTE 13

I * I I * . .** * M * 
4.35

I H I *LIST.;- EMEIIRlRI,
I I I I I EPSIEPSI * ... 230

I ITRUE I I ****M**.
I .. .... ..I II . . . . . . . . .)

gII ------ - - IfI------

I I I I 14 I 350 I 19
-------I-------- I

I I I I IND I

I 04 I ------------------- * I I WRITE TO DEV /

I I MD. I II £I VIA FORMAT /

S ----......----------- I I 310 /

SI 1---------- I.S.. . . . .II I * I

I MOTE 05 I * * I
NO.".*M*, S I0 * 8 TRUEI I 20

* REGIN 00 LOOP * SWFIIlI .LT. * - ----

* 2ROJLI S 8 I * 0. //
*200 JL S I * O I/WRITE TO DEV /
I I * / 6 /

.------- .II I * / Vl FORMAT /

SI 06 I IFALSE / 360 /
S ---------------- * I I - ------

I I *FIIJLl * I I I
I I SFOINO - 3 * JLI I I I
I .--- * I I I

SI I I
I I I

I 280 I 07 I 16 6.01.

I I PO(JLI PCIND - I I * ... 70

S I 3 + JLI I I I-kFII2 * TRUE
S ----------------- * I * 12.*FIIIlII * -----

I I 8.00. FLIIIIA

I I I *.T 8~il II I I I

II

S * FALSE I

L. IO I - - - 30-0o - 21
* T I I I

I O* I I I

L 17 * WAITE TO DEWIVES I I* "

: Y 8 / VIA FORMAT /

I I * 4-F11 * TRUE / 310 /

I I * /12.*-FlIl- -I --

I.LT. PCIaI * I I
I I * I I
I I * *

I 09 I * I I 22
*-------•. . ---- - ---* -*.... -

12I H I IFALSE .. 5. /

12I INTERP H I I 2 I RITETO DEV /

I. I ES,2.2.PO.SFII H II .... 6 S /

10 I H I 330 / VIA FORMAT /

II I H 1 / 320 I

I - I I 18 I
I I *- - -- - - -- - *I
---- I PCIJI - I I 23

I FII2I5I.*MFIS I ..................
I I I I J EI I
-------------------- * --------------------*

I I

II I

4.0. 4.05.

... 23 ... 230
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MDC E0398

LOW PRESSURE APS DESIGN AND SIZING 1 E019

COMPUTER PROGRAM VOLUME II

5OI/1/71 
AUTOFLOW CHART SET -

PAE 06

CHART TITLE - PROCEDURES

4-------------------1. --- --- -- --- -- 16 -- - - - - - - - - I-

I I O8 I I 6 26

MIXER - ---------------- * -. -

I I RKII.l1I DH2IJI I I I I * E I IIlL .41 * ONT O I

04.2 -- ) I I- -1 
IUL------- I

I I 8KII.121 D502J) I I I I I WILH50 * TUBLG I

370 R 01 1 1 1 I A I I

70 * 0 KII.131 I I I OTE 17 I I WILHe.6 * TUB1 30 I

R 
I PTOIJJI I I R R R* 

N I I I

TRUE R I ATO.. . I ESIN DO LOOP * I I NWIL .7 * NOPH I

S- RITO EO . o 450 ITOAS * ,I N I I

_. * *TDEQRMM ... eReIes*

I ---------....... -------- 09 0 19---11 ..1. 2

I- - -
--

7A~~~III 
2

I I I WF(II MFOIJI * I I 1 .TE 1R I -MIL XNOPO

I IFALSE I I W TI ,II * j A * R I I IL I * NPO I

I I I hiT(II,II * j R REGIN 00 LOOP * I I

I I I W TI2,Il I "R 450 IPA9 I' I I MILl4.9) 1 TPAH I

I 0I 
0B------ MIL-, N I IME

I 

1 

I 

wNSNAAR RLHAOI TPAO

I I I I 19

II 02 1 1 07.1AR---1I I I AHILH,00I * HEXTN

I ------ --------- R* I 10 I 1 A- --- I-

I PESS OH2IJI I I R - ------ I I

I I P I I R I IPP IPAPS I I I

DELP " 002JI I I FALSE I ------- * ...............

I ----- NPRTPC .NE. 0 I H- M

I I TEMP * NEFIFI I I I I I IL HEO

I I I I Md LHI
I I XT A * xRIIMR) I I I ISP PLC I I Ww(LHI I

-R------R , I I I RMEIIRRI I

I I I I ITRUE I I 20 1 I IPR 0.

III I I I 1 20 I I SpR-O.

1 03 I 1 1 1 ------------ A 0 I

I ------------- I I I PRESS FIIF I I I NCS LH I

I I 2 Is; I I I I I I I I I

I I2 I I I I DELP I I I TC * WHMERH I

I X3 " FIIFI I I I I I TA 2 T ASI I I IEl I

S ---------- a ! I I --------- I I-----------

I •6 1 ITE TO OEV I TEMP I I II I / E I TOASM2IITDAsI I IE I

I I 04 I I / VIA FORMAT / II I I NOTE 29

-R ------ 1 1 190 1 XI - EPSIIEPSI I M * A * R M R R

12 I H I I /FROM THE LIST / --T*----- ESI 00 LOOP *

I 7 I MIXER H A I -- ----- I 4 1- I1 * A 4

I 1.1 H I I I I I

I 1 H I I I 1 I 21 I

I I H I I NOTE 12 --------- I .07.Et---I

.1" 
LIS T PT IIII

I I PT III * I A I-I I I I 0

i *1TPHII R------------A------ 
------

I 05 I I R2I I I I I

--------------------- A I I 1 22 I 1.1.I 1 I

I H T II , I - At I I ..... .. . I - - - - - A I..................

I I I I I H I I

MMTIAE.II * _2 I 390 13 1I I ENGIsP H II
• - - - I A * I h1. H iI

I ------------- ------ 10 H O LLANT................ 

PROPE LLANT

I I• N 0 H I I

I I END OF DO R- I- ---------- 3

COLLECT TERMS FOR I A LOOP s I II I A
FE D SY T I I - - - - - - - - - - -

I FEED S TEM X - XISP I
I I M R I I 23 I I 01 1S I

- 1 I ----------------- * I I I

S06 .......... I VES . I I xliSP * 1 I I I X2 - xARIIARI I

--------------- A 03 M-----I

' S I . I I X3 * TOTIIItTOII I
I -MRIIE I I I I --

I I I I I I I

I KiI4 - I I PASSIVE HER I

I EPSIEPSI I I I I I 1 32

I I I 14 I -24 -----

ISA.I. PTNIIII I I I 1 24 I 13 1 H

I I ITH ll I ......------ ------ * 13 1 PROPEL H

I RII,61 I I N l0 I I; 2 1. H

I TT IIT MAI I * END OF 00 - 1 19 I PASHEX H 0 I N

* ---------- LOOP * I. I H I II I H
I * I I 10 H --------

07 *H I37 A *.. I ---------------- I- H I

S------------ IVES . 4. 1 3

I nil,7) " FII) I I I . 02 * I I I N - - - - - A

I ANEFIIPI I IA I " LI MCD A I I I IMA I FIRCN I

I I I I I I I I I I

I INETIIFI I I TOTAL IMPULSE I I PAPSHIIPAPS I I I RO2 IITO - I

SI I DEPENDENT SEMENT 
.I I I I .A.I* TIPRC

I NEII.lOI * F" EA) I I SYNSTHISIS I I 1,LH I I-I------ - -

S---.---- - I -- HI--- I0 I PRPSOIPAPS) I I

I I I
I I .. . . .. . .mMILH* 1 XNITUB !

................ -- - - - -.:- - - TANKS

II I
IA I
.....--------. I

II

S7.01
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1COMPUTER PROGRAM JUNE 1971

COMPUTER PROGRAM VOLUME II

05/18/71 AUTOFLOR CART SET - PAGE 0?

CHART TITLE - PROCEDURES

06.34---) I --- -- -----.----- .------------ -I* ------------------ l
I 01 I I I I I I NOTE 25

*- - ------* I COLLECT TERMS FOR I I?2 I
I PRESS * I I TOTAL IMPULSE I I * BEGIN DO LOOP V

I PAPSH(IPAPS) I I ODEPENDENT TERMS I V A I * 4"0 II * ". N"
I I I I I * NO I
I DELP I I I I * END OF D *-* I I
I PAPSOIIPAPSI I I I NOTE o10 I LOOP I I o08.05---1i

I **e *eeeee * . I | 26
I KEl MTI611 I I * BEGIN 00 LOOP * I * I I- - ----...-- *A

I I I 40 K 6 n I * .... I I I I
I X2 * WWTIT.II I I * * * * * V * * I IVES A .I -------------
*-------------- I I I I .30 1 I

I I
I I- -- ------- - I ... I I
I I I 440 I 1I I I I I
I 02 I I *.....--.-- -i I I I * 2?

...*-----..... I I I IIIll II I I • .
13 I H I I I V IITI l| I I I I I
1- I TANK H I I ... ----- I * 18 I FALSE 
. I H I I * * .* NTP .E.0
10 H I I * I I
I I H 1 I I I * * NO I I * *
S .----------- V I I * 12 I END OF O *-+ I

I I I * V I * LOOP * I £ I V

I I I * I : Y E I I ITRUE

II TW4I U2
I 03 NO * I I I. I

I ..*------. S .I -- 1O OF -I -.... I I I
I MMTIel.I * SI I I * LOOP * I IYES . 6 . I I I

I H I •.n9. I I
I VTI?.II * 02 £ • I •... I I

I I I I I I I I II VVTI.I * PRES I 1 * *S I I ... I I V- - -

I I I I I I I I II. I0

I M1TI9,1) DELP I I I I *------- - ---
*------------------- I I * 9 I I I

I I I I I ------- II
I I I I I I 23
I 04 I I 13 , NO I --------------

*----------- - I -------- -- I * ENDOOF 00 - I /W MRITE TO DEV
I WTIIAl - I I I MKIIt * I I LOOP I /
I MTI6.I * I I I TOTIITOTIl I I I I VIA FORMAT I
I WMT2(7,I I I I I I I I I 470 I
*------------------ I I MKIl21 .... FROM THE LIST I

I I I TGASHZIITGASI I I IVES I ---------------
I I I I I .10. I
I I I MKil 41 I I I .... I

PRESSURIZATION SYSTEM I I TGASO2ITGAS. I I NOTE 30

I I I I I I
I I I 0211.N 1 * I I I I * LIST * Fil21.

I 05 I I PAPSHIII I I I * ENTIlI. *
*--------------. . . .----- -- -- * I SUMIPRINTOUT I * NEFIIZI. V

1 I H I COMBINATIONS OF VF I * TTMAXlli.
12 I HSAT H I I I AND RI FOR SPECIF I V KIleMIIM * V

I. I IPLOOeTH2 H I I 14 I MReE.PS.AN PITAN I * 10.123, WFll *
10 Il H I *. ..-- - ---- -- I I *---*-*- *
I I H I I WII.21 I I I I
*------------------- I I PAPOJJI I I I 20 1 I

I I I I - ---------- -- * I I 31
I I I WTSHII.1 * XISP I I I * VF I I ------------------
I 06 I I I --------------- I 13 - II I

*------------ - I 1 TSH41.21* I I I - - - --

17 I1 H I I IMIIAMRI I I I I
13 I OSAY H I I I I I 21 I I
I. I IPLOAD.TDZ1 H I MTSHII.3 * 0 I----------- NOTE 32
10 I m I- ------------- - 2* I MRITE TO DEV I V * H * * * V

12 I H I I I I I V BEGIN DO LOOP
*-----.................* I I I / VIA FORMAT I * 480 14 * e N *

I I I 15 s I 460 * . . **

I I ------------ - I /FROM THE LIST/ I i
I 0 I I TSHII,4 * KISP I I -------------- I 08.04---11

*------------------V I I I I I I 33
M2 m .MTI I I I MTSHIh1 * I I .I ------------------ *

SI I I XMRII.RI I I I OTE 22 I J - J I I
SI2 W11TIT,l 1 I I I I . . . . . I I I
------------------- I SHI.61 * I LIST * MIIMRI, I I S * MFIlI * I

I I I EPSIEPSI I I * EPSIEPSl. * I I J I
I I *---------------- APSHPAPS, * I *---------
I 08 I I I PPSOIPAPSI I I

---------- - . I - -I 0** * I I
3 I H I 450 I I I I I
1 1. PRESVS H I ------------------ I I 34
1. I 4PAPSOIIRPPSI. H 1 I 11li Will) + I I I NOTE 23 I *
10 PAPSHIIPPS. N I I VMTC - W013.11 - I I V V V V * V V * V

II I TH2T02.WH2. H I I wMTlll - I I EIN LOOP * I * * FALSE
I I 02I H I I MRTII2I) I I 400 12 * 5, NI * V NBP .N. 0 V-
------------------- I ---- - -- I I * * I

I I I I I I I

I I I I 08.06---11 I I
I 09 I -I 24 I

*------------- -- I ---- --------- I ITRUE . N.
I WI14.11 WH2 I I I J RI I I . 32
I I I ------------------ I ....

I WWTIS1 ) * W02 I I I
------------------- I I I I

I I I------------
I I I
*-------------I

I 8.01
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

05/i/bTI AUTOFLOA ZHART SET - PAGE 08

CHART TITLE - PROCFrURES

0T.34--- 14 ------------------ A. - -- . ..-----------I 

1 O 1 15 1 NOTE 22

*------ ---- .---- * I O0 A 08 I- ------ IA 
•
A IAA

WS•WFII I I A A I , , I LIST "ARL A
I. * * / MRITE TO DEV I I . .

*---------------A I 0 NO I 6 / 1 I

I I * END OF DO . I / VIA FORMAT / I

07.34---I I A LOOP * I I 520 / I I 23

480 I 02 I A A I I------- - -------

I * * I I I iRITE EQ DEV I... ....... TI 
WA . . •. . . . . . . . .I 
I 

T TO D

/WRITE6T0 DEV / I ..-- I--- I / vA FRMAT
S A /IVES .I I I VIA FORMAT 

I VIA FORMAT I I * 24 . 1 I 6 I /FROM OLIST /

9 / .... .1 FROM E LIST I

I FROM THE LIST I I I - -*- -

..... I.I. . . EQ. I I A T UE II

I I A .ND. IE4O - I I

I II I I .EQ. 0 I I I NOTE 24

I NOTE 03 I 3 03 I I I . .* . .

* M**A **A I A*I * I A A I I LIST

* LIST . TOTIII4. I A A I IIEK,3IAKIK.4*)
* L I IJI. AS A I A A N* IO IFALSE . 2 . I A Al(KEI IWRlKeil *

* A A A A A A*A A A I * •END OF 00 - I I I * 06 I I .IKIt.MI. M
I I A LOOP I I I .... 6121.AENTIAi.TI

I * * , I I I I 120 I * MM • A ,2,5IKI "

I A A I I I I
T  
1, " N,

A 04 . .... I I . . .AAA AA .

* * I IVES . 3 . I I I I I

* * I I .23 .1 17 I
* A NO I-I .... I • A• I

A ENO OF DO - I I I A MIXER ASSEMBLY

* LOOP I I I I I TRUE I
*I I I • IND .GT. -- I

* A I I I I I A • I I I 25

* .... I A 12 I I A A I I

IVES .1.1 A * A A I I I
1 3 I .. / WRITE TO DEOE I

I I NO 1 I IFALSE . 2 . I 6 I

I I END OF DO *- I I I . 01 I / VIA FORMAT /

SI LOOP * I I I I .... 50 /
I I ---I I-I- 0 .

I I I II I I I
* os I A ... * I I I

* A IIVES . 0 * I III ?b2

* .. 19 I 1 1 ENGIE - - - - -

• A . IO 'I I WRITETO DEN

* END OF 00 *-• # V T
* LOOP A I I I I . I ER I I VIA FORMAT /

* * I I I I I -- ---- ---- I / 580 /

* I I I / I I FROM THE LIST I

* .... I COMPONENT OUTPUT I I I riTE TO DEV I I ---------. --

VES .7 I ROUTINE I I / 6 1 I
'Y' 26 1

I . 6 1I I I I V IAPFORMAt I 4I E 2
I I I I 1 530 / I I NOTE 7

I it I I-------IAAA--- I
I A- - - II.............. * LIST

I I I -* -F I I I I (IWl I.KS31.EKIR. ,41A

I I I I I I I 19 1 A ,WKIKE51 .IKRl. 3

A 06 I I J- KI I I I -----.-- --- I *IW(IKMI A

* I ------------------ I I / lMRITE To DEV / 6 A 2.I TIRM IKl,
* A• I I 6 / I N AAAET.SEII. A

. NO I I I I / l FORMAT I ..1.11

A END OF DO *-. I I 12 I I / 540 / I

* LOOP * I ...........----- I I / FRO THE LIST / I

S A I / READ FROM DEV I I-------- -- - I

S A I I 5 I I I

A ... I VIA FORMAT / I I I I PROPELLANT

lIES .7. 510 I I I NOTE 20 II

I .24 . / INTO THE LIST * I A A A .AA ..A I

I .... I II . .I.S A I 2

I I A IIRIKI.31AWKIK41 I I-----

I I I I I *AKA lMeK7IE,91. A II I

I I I NOTE 13 I i MI lI il II A I / WRITE TO DEV I

I 07 I A . A A A A I I A WIlIlEi.II 1,KI I / 6 /

S------------------ LIST * IN I I MI ll2 l I / VIA FORMAT I

ll I I AA AA A I I h i * I I 590 /
I II I iI AAAAAMAA• AM I

E I I I I I * I * I I------ --
F I I I II I

W IT

IP - PT I I 14R.I I I 2, "

A -... -. I... * I LINES/VALVPS I

I * FALSE I I I I / 6 /

ITU I I APAIR II I/ A I

-- INO .EQ. I ---.. I I 21 I / ViA FORMAT /
* ..... ..... .... I / 600 I

A A I WRIITE I DE / I FROM THE LIST /

A A I / 6 / ---------- - I

I I I
I / VIA FORMAT I I I

1TRUE I / 50 / I I

I I / FROM THE LIST / 1 I
I I..-------I I

I I I I .....

I I I I I 9.01
I I - - -- * * *
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
COMPUTER PROGRAM 1 JUNE 1971

VOLUME II

05/1871 AUTODFLOM CHART SET - PAGE 09

CHART TITLE - PROCEOURES

08.29--- I
I NOTE 01

* LIST *
* (WTSHIEeS, I
* WTSHIK.6IIKe2I. *

* eMKIK.41.EIR.LeI *
* .MWTE6eKeMMTIT. *
* KI.MiTL6.K.E, *

* MTSHIKelE ITSHIK *
* 2l.MTSHIKE31.*

* MTSHIK.41I.K *

I

TANKS
I
t

I 02

/ /

/ WRITE TO OEW /
/ 6 1
1 VIA FORMAT /

/ 610 /

I

I

I 03
------ --- - ----- I

/ WRITE TO OE / I I
/ 6 I I * 08

/ VIAFORMAT / I
/ 620 / I *

SFROM THE LIST I TRUE *
------------- TIPRC .ED. *

I I I * 0.
I I I * N
I NOTE 04 1 * *

* LIST * * I I IFALSE
* (TSHIKe51, * I I I

* TSHIK6,NlKIEI * I I I
* .MMIE2 KIKE.21. * I I I
* WKIKeL4eKIKe.II. * I I I
* MNTIOIKIWNTI9EK) * I I I
* t.K - 1,Ji * I I I
* * * * * * * * I I PASSIVE CONDITIONINS

I I I SYTEM

I I I I
I I I S I

PRESSUAIZATION SYSTEM I I I 09
I I I - - - * - - - -
I I I I wRITEbTO E 

I 05 I / 6
---------------- I I / VIA F34MAT I

I / I I / 660
/ WRITE TO EV I I I I FROM THE LIST II  

6 I I- -

/ VIA FORMAT I I I I
/ 630 I 1 I I

---------------- I I I OTE 10
I I I *. .* . .

I I I * LIST
I 06 I I IN WIILIWKIIL.I
--------------- I I ,IWIIL.JI. J

I NEITE TO DEV / I I * S121.IL * 1 NCSI
/ 6 1 I I * .M***** *'

/ VIA FORMAT / I I
/ 640 I 1 *---03.18*--II
/ FROM THE LIST / I 6i0 11
---------- **- 1 ----------------

I I /
I I WRITE ID EV /E
I NOTE oT I i 6

** * ** A I I VIA FOAAT

* LIST * I 2/ 50 I
* (IIWTSHIKESI . I---------
* NTSHIKEb1NI,.IKI * I I

* ,NIK.21,NKIK2I. * I I
SMKIK,14W.KIKIle .* I I
* NWTI6e.RINTIT.KI I * 12

A ,ANTI14KI. * I *

SMWTI1SKIIK A I
* 1.41 M I M * TRUE

*N* M*M*A* I M EMO .EU.O *-*
I I * *
I I R *
------- * * * I

I .''6'.

I 120IZ

2.01.

... 100
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

05/18/71 AUTOFLOW CHART SET - PAGE tO

CHART TITLE - NON-PROCEDURAL STATEMENTS

PROGRAM LSCIINPUT.OUTPUTTAPESINPUT.TAPE6*OUTPUTI

DIMENSION TOTII3I.TGASH2I10IfGAS02IOI0.MR11I01EPSISOI, Filt,XN

EFIIOI.XNETIEIONI 101IPCII1I.WWTI6I.601.WIAO6.S4,. WFIbIIIWI601.0

M2i111i.00211I.WFDOI11).PDISeI.WFISIWTSHI60,6I, PTOIIOI,PTMIIO),PT

160),TTMAXII01

DIMENSION WSCIO6.BIkWW160,13)

DIMENSION PAPSOIOI)PAPSHIIOI

DIMENSION WAWI601

REAL LMAA* LFN

EQUIVALENCE I4.NIAIItINSN(SIIlN6O4IbI tI7,.NITII.IN8.'IlIItINg.

NI9t. tNINMll.tMiE.MNIl1OllNIZI.N2I

COMMON PRESS.O0ELP.TEMPR.leX2,3

COMONIHEX/TUDOh.TUEDOTUSSPH.TURSPDTUBLGH ETUBLGO.NTUBN.XNTU80

XNOPH,XNOPO,PRPSH,PAPS0e.IPRPSIPAP,Fe.IF,XMRE.IMR.XISP .XNEF.TPAH,TP

AO.WHEXH.WHEXO.WPRCNOWtPRCNHTlPRCN.RITO

NAMELIST/LOWPC/FXNET.XNEFTOTleTGASN2.TGAS32,XNR.EPS,PTD.PAPSO0, P

TH.PAPSH.WRH2,RO2.ODELPM.ePAINJ.MPRTPC.PLOADO TTMAX.WPRCNO.WPRCNH.T

IPRCN .TUBDH.TUBOO.TUBSPHTUBSPO.TUBLGHTURLGOXNTUH.XNTUO.XNOPH

.XNOPORITOIEND

COMMON/LINE/LNAXIZ).LFNI10.31

NAMELIST/LINE/LMAX.LFN

COMMON/VALVE/FNt10.21

NANELISTIVALVE/FN

170 FORMATIH .I//////

50*,34HLON PRESSURE APS SYNTHESIS PROGRAN//////

10x.31HPERCENT OF FLOW CONDITIONED IS FT.41

IOXS34HRATIO OF INFLOW TO ENGINE FLOW IS F6.31//

1OX40HPERCENT OF HYDROGEN FLOM CONDITIONED IS F6.3/

GOX.38HPERCENT OF OXYGEN FLOM CONDITIONED IS P6.3//I

160 FORMATI///20X,7THMPERCENT OF CONDITIONED FLOW IS ZERD.RATIO OF INPU

T TO OUTPUT FLOW IS SET TO 1. I

190 FORMATI1Hl./.IX.

59HTOTAL LOW PRESSURE SYSYEM WEIGHTS. M2 BOOST TANK PRESSUR

E * *FT.2.SX.23HO2 BOOST TANK PRESSURE. .F.2//.X.2HMR *.X.4HAREA

.3X. 9H PRESSUREE.31x,6HTHRUSTY3.GTHO. ENGSX.THITITAMKw.JX.7HCHAMB

ER.4X.14IHLINE OIAMFTERS.?.K4HFEEDMI.SHTOTRL 94MTHIMP DOEP

4X0SMTOTAL /.bX.SHRATIO *3K.8HAPS TANK #I4x.SHTOT FIRE 93X96

HOESIGN 3 X ,

8HPRESSUEE.4x2Hmz2.Nx.2o2.TX.6HWEIGHT.4x.?HINPULSE.4X.

6HMNEIGHT 4x.6HWEIGNT /1SX.b6HN2 02 O/.1X.1OMPSIA PSI

A .3X.3HLFP *16X,SHDEG R SX.4HPSIA

6X.6HINCHES.4R.6HINCHESSX.SHLBSXe.A6HL-SEC.6X

,3HLNM. 6.X3HLBM//)

210 FORNATIIHI.IX.E6HCHANER PRESSURE .21.tSHENGiNE WEIGHT .61I12HLINE

WEIGHTS .13XeS3HVALVE WEIGHTS .6X12HTOTAL WEIGHT OX.Z20IBOOST TAN

K PRESSURES /16X.4HPSIA .131.4HLSM .0OXt.HLEM *9Xe3HLBNM *..3HLEM

WX.3HLEM * 913H.LBM eIOK.4HPSIA WX,4HPSIA //1

A-17
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LOW PRESSURE APS DESIGN AND SIZING 1JUNE 1971
COMPUTER PROGRAM VOLUME II

05/18171 AUTOFLOW CHART SET - PAGE 11

CHART TITLE - NON-PROCEDURAL STATEMENTS

250 FORNATIX.FIO0.2.6X.BF2.2I

290 FORMNATIX.3I9HOPTINUN CHAMBER PRESSURE VALUES FOR MR* ,FS.2.I10H AN

0 EPS FS.21

310 FORMATISIHO NO ABSOLUTE MINIMUM FOUIND FR CHAMBER PRESS VS NTI

320 FORMATIH .5S3X.20HIDEAL PC ABOVE RANGED

340 FORMAT(IH*.53X,20HIOOEAL PC BELOW. RASGEI

360 FORMNATIEH.S3X,4THNO MINIMUM FOR PC LAST VALUES MILL BE PRINTE OI

460 FORMATI2F4.1.2F6.11

470 FORMATI1H*.21X3Fl0.2.2FS.0.SF0O.2I

490 FORNMATIH+,9OX.EI2.2.2F50.2/1

510 FORMATII3I

520 FORATI1H1I

330 FORNATI1HI.3X.143ENGINE WEIGHTS//

*4,2H4R ,9X.4HAREA ,83.6HTHRUST 6A16NMUNBER E.6R.THCHAMNER .6x

.I9HBOOST TANK PRESSURE e6e.HENGINE e63.9HPNEUMATIC /

,14.SHBRATIOD *19XTHENGINES *SKHPRESSURE .8E2MH2 .31,2

H02 G.8 .6HWEIGHT *7e.HNEIGHT //

26I.3HLeS .21K.4HPSIA .9x.4HPSIA .9NE4HPSIA eXB.3

HLGS .10.OHLBS III

540 FRDATI3GxFS.2.4FS5.0.73,FO.2.4x.FS.0.3X,FIO.2.SxF10..53X F10.

1,3xF10.2.3X.FP10.2

ss50 FORMATIIHliS1HLINE VALVES //1iHLINE LENGTH .FB.2/t.eL.ZHMR .3X.4H

AREA ,9K,6HPRESSURE ebX HITI TANK .S .6HTHRUST 4X.THNO. ENG .3 x ,

IHCHAMBERe.4*I4HLINE DIAMETERS.s .13HLINE WEIGHTS,

4x.1OHVALVE WEIGHTS /,Xe5SHRATIO *73e0HBOST TANK .6X.

6HDOESIGN,33.9HFIRE TOT.3X.HPAESSURE.4x,2MN42,Tx.2

HO2, 1.2H2.*SX2HO2.eOX.e2HHZe6X.2H02/.

19X.2HH2 41.2H0O2 /1.

18X.4HPSIA ,2X,4HPSIA *S3.HOEG R ,G6X3.4LBF .183

4HPSIA 9X 6HINCHES *141.3HLBM .14G.3HLBN i/I

560 FORMATIFS2.2X FS.2. Ix,2F9.2.FIO.2.FIt.2.2FS.0.F0.2,2F9.3.4F0.2

S0 FURMATIiHI,1HMltXER ASF I/E,2HNR e43.4HAREA 8KGBHPRESSURE ,7x3

WHIEI TANK .4Xe.6HTHRUST .4X,1HNO. ENS .33,TICHAMBEE ,4xeHLINE DI

AMETER 6Xe1HMIXER ASSY WEIGHTS /.?7XSHRATIO .6x.1OHBOOST TANK .7

Xb.6HOESIGN .141, BHFIRE TOT ,3X.8HPRESSURE .43.2HH2 ?X.e2HO2 93.2

HH2 911,2H02 /.39X,2HH2 .4e2HO2 /1BXe.4HPSIA 2x.A4HPSIA .&x5HOEG

S.6A,3HLF ESK,4HPSIA *AX. 6HINCHES .14X,3HLBM /I

580 FORMATIFS.2., 2 XFS.2eI.2F9.2.F10.2,Fi1.2.2FS.0.FO.2,2F9.3,2F0.21

590 FONRMATILHI1EHPPOPELLANT MEIGHTS //.

4X.2HR .6X,.4HAREA .12X THITITANK

9XSHTOTAL ,L211l8HPROPELLANT MEIGHTS ,11X.6HENGISP .6XA,SHSYS

MR 61, 3HBPRE,6A,4HSISP I,2739.HH2 02 e.*.THIMPULSE EX2H 2 .

7X.2HO2 TX. SHTOTAL 125,12HOEG 4 DEG R .6X6HLB-SEC ,13X.HLG

600 FORMATI3x .2.FG.2Z2F2.2.E 1.2,SFI.2,FI.SF1.21

610 FORMATIH1,eTHAPS PROPELLANT TANK WEIGHTS II

.2,2HNR ,4x4HAREA .?X:,HPRESSUNE ,IIxNIT) TANK It5SH5TOTAL
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LOW PRESSURE APS DESIGN AND SIZING Doc E0398
1 JUNE 191

COMPUTER PROGRAM VOLUME 97IIvoLUMEII1

05/10/1TI AUTOFLOS CPART SET - PAGE 12

CHART TITLE - NON-RO0CEDURAL STATEMENTS

.EX.I2HTWNK WEIGHTS /.HX.SHRATIO SX.I0HAPS TANKS .9Q,2HH2

b.28HO2 9K9,THIMPULSE *TX,2H82 .8282 /H1 AHPSIA *NX.HHP

SIA .7TX.SHOEG R .2X.SHDEG R .8X.THLBS-SEC e.xe3HLB8S ,3HLPS

/I

620 FORMATIFS.2,FT.1,2F9.2.FII.2,F8.2.EI4.2.FIO.2.F12.2I

630 FORMAT(IHI,28HPRESSURIZATION SYSTEH WEIGHT /.EIX.2HMR .3X.4HAREA

9A. 8HPRESSURE *i8lEBHITI TANK IIXSHTOTAL *6X.IMHPROPELLAN WEIG

HTS .4X. 21HPRESSURIZATION WEIGHT

/.6X.5HRATIO e8X 9HAPS TANKS X18.11MH2 02 .7X.?TH

IMPULSE 8X. 2HH2 .8X.2HO2 8OXe.2H2 w6X,2HD2 1/21X,4HPSIA .2X

.4HPSIA .7?Xe.2HOEG R DEG R 6bXebHLB-SEC .12X,3HLM *.17X,3HL8M /11

640 FORMATIFS.2,F7.2,F9.2.3FI1.2.ET.2.4Fi1.2

660 FORMATI1HI./52X,2IHPASSIVE CONDITIOMING $SYSTEM/I

43K.44HSURFACE HEAT EXCHANGERS ON MAIN ENGINE TANKS I/

4X.2HMR .SXT IMPULSE .4X1IOHTANK PRES e.5X. 0HHEMMEX TUES 5X

.08HHEX LENGTH XJ8OHHEX PANELS x5,tEoHPANEL AREA ,5XO10H

HEX WEIGHT I .11Xe6HTOTAL .S.2HH2 e6x.2HO2 .5 X2MH2 .6Xe2HO2

.5xt2HM2 .6x.2H02 .5T.2HH2 .6X.2"O2 .5R.2HH2 6X.282HO2 ,SX.2HH

S.6X.2H02 I/ .IX,64LB-SEC *STX4HPSIA .OX.6HNUMPE

R .0OX.4HFEET IOX.bHNUMBER 96X.SHSQ FT .IIX.SHLBS //

.F6..EI2.2eF8.2.1F6.IeF8.0,F?

.0.2F8.,F$S.O.F9.0Fe.F.0.2F1.01I

690 FORMATI///40X.49HTOTAL NUMBER OF CASES GT 6ONEXT SET OF CASES RUN
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM JOLUME 1971
G IL VOLUMEII

OS/L/l71 AUTOFLOM CHART SET - PAGE 13

CHART TITLE - SUBROUTINE ENGISP

/ ENGISP /

04.07*--)*

.........VERSION 28
AUG 1970 ... ....

I 01
------------------- 

0
I CR AO I
I IEA*IAI * I
I XMR*IA2 * I
I MR*IA3 1
I XMR*A41l I

I F*I62 * Fe*I3 * I
SF*oIB4 4 F*SIIMI
----------------

I
I
I 02
I C C------- 0

I CEPS * Co I
I EP5*(CI +1 EPS*IC2
I f9*1 4 IZ

E PS*I(C3 * I
EPS*IC4 £

I EPS*CSI)III I
I I

I C1H00O I
I TH*IDI TH*D2 I

I

I 03

I CTO * EO * I
I TO*(El I TO*EZ I
II
IG ' HO Hi*M + I
I H2*RAR**2. I

I I
ICSIAR - *. * IG - I
I 1.*IF - I

I 1500./113500. I
*------------------*

I
I
I 04

I 0lP * I
I ICAR*CF*CEPS* I
SCSTARI * CTH + I

S CTO I
I I
I EPS * lISP I
------------------*

I
I
I OS

* EXIT *
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MDC E0198
LOW PRESSURE APS DESIGN AND SIZING 1JN

COMPUTER PROGRAM VOLUME II

05/18/71 AUTOFLOW CHART SET PAGE L4

CHART TITLE N ON-PftOCEOURAL STAYENE4TS

COPI1ON F,T0,tM,FPSX~tA

DATA 80.81 .A2.A3,A8413".6ISBO. 8.236289E I,. 5341553El.2.005297,

o./

DATA BO.81,82,83.B4,80,9.5669612 1,0.6160918E-5.-2.41314574 8 .4.

8906032Ed12.-4.56380461A.1.SA316hlEZDI1

DATA COC.2C.4CI.898E-..417E -. 59SE2 .1.

921145E-3.-A.3143012E-5.1.3822115E-6/

DATA DOoo.D2/-1.8SA)S)4.4.4876594E2,-1.8115AO8E)S/

DATA EO.E1.E2,-2.eZ46IS3.5.646153AE-3.-.6923060E-?/

DATA HO,H.H2/.D2231.-1.863l32E4.26761ALAAO/
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LOW PRESSURE APS DESIGN AND SIZING MC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

0/18/71 AUTOFLOM CHART SIT - PAGE S15

CHART TITLE - SUBROUTINE ENGINE

/ ENGINE

04.0---*

SUBROUTINE FOR LOW
CHAMBER PRESSURE
ENGINES...... VERSION 21 OEC

NTO.******-
ENGINE EIGHTS

I 01
*-------A*

I RFTP - F/PC I
I I
I TA AO * I
I RFTP*IA1 * I
I RFTP*IA2 * I
I RFTPOIAS * I
I RFTPOA4 11 I
I I
I WT * 0 I
I EPSAIR Ii
I :EPs*I2 * I
I EPS*83) I

I
1 02

I NT * UTA*WTB I
I I
I EPS * tixE I

PNEUNATIC SUBASST
WEIGHTS

I
I
I 03

*--------*

I WTPSA - S.SOXNET I
I I
I XNET * WTPSA I
*----------

I

I 04

* EXIT A
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LOW PRESSURE APS DESIGN AND SIZING JUNE 191

COMPUTER PROGRAM VOLUME II

PAGE L6

05118/71 
AUTOFLOW CHART SET -PAGE

CHART TITLE - MON-P4OCEDURAL STATEMENTS

COMMON PCAA.AB.EPS.ANETeF

DATA AO.AIA2,A3,A426.69R).909q73-1.74SE-34.579SEQ6.E' 
-2.4995SE

DATA 0B,,BI2.B3T/.703277,1.82569E-2.f.274E-5.3.03479EA6/
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LOW PRESSURE APS DESIGN AND SIZING mOC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

0/16R/1 AUTOFLOM CHART SET - PAGE 17

CHART TITLE - SUBROUTINE RLINEIXLI

/ ALINE /

04.6-.. ....--------.
04.16---l* ------------------- * +-------------* ------------- *

I 09 I I i I I
.***..VERSION 24 I- - .-----. I I.------------------- 25

JULY TOI I- -TH2 I I I TfH Z 0.049 I I
***F THRUSTF OF NE I I MDOTH2*LFNIN,21 I I -------- -------- I
ENGINE I I I I I I * FALSE

I I TO2 I .------------- - II 1 002 .GT. 8.0 *-----
I I MDOTO2*LFNIN.21 I I * I

S 01 I I . I I 18 I *
*--- ---- * I I OH2 I * * I * *

I TH2 - TEMP I I FH2IP.TH2.TNH2, I * * I

I I I I POLI I I I * FALSE I ITRUE

I T02 * TEMP I I ---.-- ------- * I 2 .LE. 6.0 LE. -* I I

I I I I £ * * I I I I

I F - THRUST I I I I * I I I

I I 10 I I * * I I I
I iMR I I ------------ ------ I I * I I I I

I I I 002 - I I I ITRUE I I 26 I

I ISP * ISP I I I FOIPTDO20Tf2. I I I I I I *-------------------- I
*------------------ I I OPOLI I I I I I I I THO2 002/L83. I .1

I I *----------------- I I .I- ----- *

I I I I I

I I II I I II----------
LMAS MAIIMUM LINE I I I 1 I 19 I I

LENGTH LFNPIPE 1 * 11 I 1 .--------: .-----* I * 21

LENGTH. I I I TNH2 0.035 I0 I I *
MAX.NO.ENGS.FIR INGNO I HI I *------ -- I I *

OF LINES OF THIS I TRUE * I I I I * FALSE
LENGTH MATRIX I ------ N .G. 1 * I I It ------------ I * 002 .LE. 8.0 *- .*

FIND OP/DC I I * * I I
ASSUME TWO I I * I I * 20 I * * I

SYMMETRICAL I I * I I I I

LINES.FIRST 5 LINES I I I * I

FOR.SECONO 5 AFT I I IFALSE 1 * FALSE I ITRUE I
SI I I * H2 .LE. 4.0 ..... I I I
I III I M A II

I 02 I I I I * * I I I I
*-----M-** £ £ £ I I * * I I I I

I . . OTH. I I I I * I I I '
1 FiPiM 1.1 I I I 12 I ITRUE I I 28 I

I I I I ------------- I I -- - --------- I

I OOT2 I I I I OMAXH2 - OH2 I 1 1 I * --- 2 . 0.049 I I

I MR..OOTH2 I I I I I I I I I I .------------ I

I I I I I DNAX02 02 I I I I I I

I WH2 0 I .--------------- ----- I------I.--
SI I I I I 21 I I I

I 02 0 1 - ------- II I I ------------------ * I 29
*------------- I 100 I 13 1 I TH2 0.022 I I

I ..----- * I I * ----- I *
I I I THHS . I I I * * FALSE
I NOTE 03 I I P*OH2*Z.I(2.*SI I I I II ------------ * 002 .LE. 6.0 *.----

* * H * * * * I *......-----A. I I I I * * I

* EGIN DO LOOP * I I * 22 I * I
10 I 2 * I I I * * I

MH* ******* I I I I H * I I

I I 14 I * " 
F
ALSE I ITRUE I

18.07---I I I I H 2 LE. 2.0 *---* I I I
I 04 I * I * I I

----- . .--- - - I FALSE * I I * I I I
I P . PRESS I I ----- * D2 .GT. .8.0 * I * I I I

SI * I I * I

I OPOL * I I * I I ITRUE I I I 30 1
I OELP/LMAXIII) I I * I I I I I * ---- *- I

- I I *TU I I I I I I TH02 - 0.035 I I
I I IRUE2 £ £II I - -* I

I I I I I I I I I I

I NOTE 05 I I I I I I I II------------
* .* * .* I I I I I I 23 1 I I

* BEIN 00 LOOP I I I I -------- _---- - * I 31
* ,o J- , I I I I I THH2 0.020 I
S * * * * * I I I 15 I * ------------------ I I * *

I I ------------------- I I I I I FALSE

18.06---11 I I THH2 - DH2/160. I I II ------------ I * 002 .LE. 4.3 -
I 06 I I *.----.--- -- . I I I 24 * I

------ * I I I I - ------ I H H I
I I*S - 5 J I ---------- I I 1 THH2 I I

------------------ I I I I I AMAIITHMH2.TH2I I I

I I 1 56 £ I I I I ITRUE . 0"
I I * * I I I TH0025 I I I . 01 .
I I H H I I P D 2* ./ 142.*SI I I I ....

SIZE LINE SEGMENTS * FALSE I £ *------------------- I I
I I * D2 LE. 8.0 * ---- I I I
I £ • £[

I 07 I * ------------------- 32
----- ;-------H * ----- H ------

I P - P - I I * I T402 * 0.022 I
I OPOL*LFNINI)I/2. I ITRUE ------------------- *
*------------------- I

II I I

III I II I

ASSUME ISOTHERMAL I ...

LINES E.-------.. . 118.)
II

+--------------*
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LOW PRESSURE APS DESIGN AND SIZING 1 JUNE 1971

COMPUTER PROGRAM VOLUME II

S/18t71 
AUTOFLOW CHART SET - PAGE E16

CHART TITLE - SUBROUTINE ALINEIXLI

17.31*--J*
I

* 01
**

* *

FALSE A
-..... 002 .LE. 2.0 A

Ao A

II
I O

I 03

-- --- ------ 11 -" ""

I 0 2 0 I

I ANAX1ITHO2S*THO2I I

I --------------------

I

*-------- -*

I

WEIGHTS

I H2 *WH2 I
I RHMOPIO20OTHH2$ I

I LFNIN.I, I
I *12.LFNIN.OI I

I I

I .. 2 * Uw0 * I
I ATO*PRIO002O2
I LFN IN.,I I

I

'tO I 05

I P p- I

I OPOLLFNIN 1112. I

I

* 06

.A o

LR 00P I

A Loop ll I

I I

* A * .I

(YES . ; .
SI 06.

I
I

07

* No
END OF 00LOOP - I

yES L. I

1 .04.
I------------- ------ I

I I

I I CONPINIATOIS iANGULAR

00 1 AND INEAR EIGHT

- ----- FACTOR Is 2.0

I OELP O DEARH2 I I IALJEINU II i I

I THRUST 04MAX02
--------- I 09

IIA- - - -

I I I KNR A 2.OAMH2 I
--------------- I I

I RISP *2.04102

II

I 1o

EXIT
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
COMPUTER PROGRAM I1 JUNE 1971

COMPUTER PROGRAM VOLUME II

OSI/1T7 AUTOFLO CHART SET PAGE 19

CHART TITLE * NON-PROCEDUIRAL STATENTS

COMMON PRESS.eOELP.TEMPOXNR.XtSP.THRUST

COMMON/LINE/LMAXI2)I.LFNI103)

DATA SeN0O/64000..1O1/.P/g3.I4I59/

REAL MR.ISP.LNAXLFN

STATEMENT FUNCTION DEFINITION FH21PeTH2.TMH2.DPOLI.aI.00?S3*TNH2**z.*TH2/OPDL*2.SPII.t.0065-

OOSISALOGITH2*S20./2.Ie3**.2*12.

STATEMENT FUNCTION DEFINITION FOZ4Pe.TO2.TW02.eDPOLIi*44.00TS3*TMOZ**Z.*TO2/IOPOL*32.*PII*.0065-

OOOS1SOALOGITUO2*S20./32.Ill**.2*12.
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MDC E0398
LOW PRESSURE APS DESIGN AND SIZING mC E019

I JUNE 1971
COMPUTER PROGRAM VOLUME1l

05/18/71 AUTOFLO. CHART SET - PAGE 23

CHkVT IITLE - SUBROUTINE VALVE

/ VALVE I

04.20--- 1*
..... VERSION 26
APRIL T1......

I 01

e------- ----------- *
I WH2 * 0. I

I I

I .02 * 0. I
e----------------*

I
I
I

VALVE MEIGHTS
I
I

I DOTE 02

* BEGIN 00 LOOP
* 100 I * . 10
*HHHH******

JI
----------- 1I

I I 03
I - .---.--------

I I DVALH2 * I
I I OH2*SQRIIFNII.e1l I
I I 19EFPI I
I I IXNEF

I I WITVALH * I
I I FNII.2 I
I I *1.5903i*DVIAL2* I

I I k.21447 1
I I

I I WH2 * 82 * IATYALH

I T I

II
I I 04

I -------------------

I I 08ALO0 * I
I I UO2*SQRTIFII.11 I

I I IXHEFI I

I I TVALO I

I FN1,21 I
I I 1.59037*OVAL02AA I
I I 1.21447 I

I -------------------
I

I OO I O

1 100 1 05

I I 02 * W02 * I
I I MTVALO I

I *-------- - A

I I
II

I 06

I *

I MO • *

I ---- END OF DO
* LOOP

IVES

I 07

!
I
I

*------------------
I H2 WH2 I
I I
I 002 O2 I
e---------- --------- *

I 08

* EXIT H
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COMPUTER PROGRAM VOLUME II

05116171 AUTOFLOW CHART SET * PAGE 21

CHART TITLE - POR-FAOCEDURAL STATEMENTS

CONMMON XNET.XNEFAC.DH2.002,AD

COMMONIVALVEI/FN 10,21
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

0511/71 AUTOFLOS CHART SET - PAGE 22

CHART TITLE - SUBROUTINE INTERPINeNO.eN1R.,KYI

/ INTERP 2

05.09---)* ------------- . ---- 22.1 ------------- )*I-------

I I I 120 I is I I

......... VERSION 13 LAGRANGE METHOD I ------------------- I 26

DEC 69...... ..... FIND NUMERATOR I I Al J1I I III I AlIJ1R1 I I • I

H I I I AlIeJlI
x

HiJ I I TRUE H

I " 01 I I to I -------- -- - I ----- * I .EO. J

------------------- I -------------------. I I I I

I XN 0. I I 1 AIINI - XtI2 1 I I
II I I. I 1 A 1I 1

I D % + 1 I I I AII.N - II 1. 1 I 19 I I
*--- .--- -- I ----- - --.------- F I I IFALSE

I I I I
I I I NO * I

I MOTE 02 1 I MOTE 11 ---- END OF DO I I I* H H H H H H H H * A I H H H H H .* H H H H * LOOP H I

* BEGIN O LOOP I * BEGIN O LOOP I I I I

* 100 I 1, N I 140 . 1, N I 27 II HH H H H H H I I H- - -

I I 5 I I E11 I
II ---------- I 22.22---II I I I I XiI II - I I

I 3 I I I 1 xlill I

*---------- -------- I I 12 I I I -----------------

I X N 0 X4 1. I I I I 

---------- . ...-- - - - I I --....-22.15 -11 ..........-- - - - II
I I H TRUE I 130 I iOTE 20 150 I NOTE 2 I

I I - I.EO. I R ------ I . . . . . . A I N . 1

I NOTE 34 I * I I CONTINUE , CONTINUE I

PEI P I I * H I HHHHHHRHH1 I

* EGIN DO LOOP I I I I I I I

* 100 J * 1,ID * I I * I I I I

H !.. !.,AI I1 1 :FALSE I II I II
*- - I I II I 140 * 21 1 160 * 29

----- - - - - - - - I I I I I * H I H H I

• .... .-.... ...... I H H NO I H, 90O

S AIlJI - 0.0 O I END OF DO -* I * END OF 00 *-

S------------------- I I I 13 I I LOOP I I * LOOP H

I I I *-- --------- -I * H I

I I I AII.N) KRI ) I I I I

100 1 06 I I I I I I
S--........----------- I I I AII.N - 1I - 1. I I I IvES . 22 I VES

I BII.JI . I I ------------------ I I I * 15 I

I ------------ - I I I I I I .... I I

I I I II------.----- I I I I

I I I 110 I NOTE 14 I I I

I[ I I1 HHH H****** I I I I
H 07 I I BEGIN DO LOOP I I I I

H A I I H 14 J 2.N I H 22 I 30

3 * * I I HHHH******* I H H IA H

NO H H I I I H

----- END OF DO I I 22.21---1 I H *NO I NO * H

H LOOP I I I H ENO OF 0O H-. I .- . END OF A

H * I I H 15 I * LOOP H I I I H LOOP *

* H I I H H I a A I I I H H

* I I H I H

lYES I I * TRUE I .. I I *

I I I I E. J --.--- IE S . 22 I I IVES

I I * * I .12.1 I I

I I I H H I .... I I I
I 3 H II II

I I I H , I I I I

II IFALSE II

R I I I I 1 I I NOTE 31

SI I I FIND DENOMINATOR I I * H H H . * * *

SI I I I I I BEGIN Or LOOP H

H H ._I I I £ I I H 7O,-,.N H
S END OF DO - -- I I I OTE 23 I IH LOOP H I I HHRHHHRHHHH

• •  
I

•
I I

A H I 16 * BEGIN 00 LOOP I I 23.02---11
! 6 * H* 0 * N * I I I NOTE 32.......... .... .A. .. ..oLo

IYES I * TRUE I I I ESINOLOOP

I I H IJI .EQ. 2 - II----- - -H. * 170 J * OG N
I 1 I I 24 I A A . .. HA

--- H H I H- ---- - - I I

I H H I I EIII 1 I I 23.01---II

I I . ----- * I 170 I 33

I IFALSE . 22 . I I *-------------

S 09 I I .20 . I I I Al I-J I

* I I .... I NOTE 25 I I AII.JIHYIIIIEII I
H A I I 130 * * * * .---- -

STRUE I H BEGIN 00D LOOP I I

* NO .EQ. 2 *- I H 160 J I N I I
H H I NOTE 17 H Ht H H H H H • H H * I

H H I I H**RH*HR**H I I I 2

H H I I H REINOOLOOP I I----

H .... --20 ----------N H23.01

IFALSE . 23 . I H * H H H H H H H H

I .11. I I
I .... I I
I 190 1 I
I I II
I I
------------------- /22.1R
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COMPUTER PROGRAM VOLUME II

05/16171 AUTFLOW CHART SET - PAGE 23

CHART TITLE - SUBROUTINE INTERPN.NOQ.N1.Xev

22.33--- I ------------ * ------------------ *
I I I

01 * OS * 16

* • NO . * I * "
* * NO £ NO * * I M0 *

* END OF DO *- I --- * ENO OF DO * --- END OF D *
* LOOP * I I I * LOOP £ I * LOOP *
* * I £ £ * H I £ *

* . .... £ £ * £ *
EYES . 22 . I I IVES I I YES
I . 33. I I
I .... I I I
I O I - T I I

I I 0 II I I

I I I I I T 1
* 02 £ £ * 09 £ £ *-----

* * I * I £ I I NZ *NE* O.
* * £ I ---------------

* I M , * * TRIUE I
* ENE OF O *- I I F * NO .E. I - I I

* LOOP I I * I I I NOTE 16
* * I £ £ * H £ I £ ** * * * *

• * I £ £ * I £ £ H BEGIN 0O LOOP S

* .... I * ... * 210 * . N2 *
YES . 22 I FALSE . 25 . I I * * * * *
S . 32 . I .081 2 I
I .... £ £ I .... £ I 23.23---II

S30 I I 19
SI - I - - ---------------- I

I I I EII 0. I
I - - - - I **8 ------------

SUN LIKE POWER I I LEAST SQUARES METHOO I
COEFFICIENTS £ £ FID NEEDED SUMS OF £ £ I

1 0 RESIDUALS I OTE 20
I I I I £ - -- - - -* *
I NOTE 03 I I I BEGIN DO LOOP *

S* * * * I I 0 1 * 210 J* e N
* BEGIN OI LOOP * I * .--- ------ * I * *
* 10 I " 1 . N * I I i0 - NI NI I II
* * * * * 4 , * * * * I . .---------;--------- NO

I EN *-00----*£ £E ---

I I £ I I £ 210 I 21 £
£4 -- -- I --- 22.09--- I *-- ---...... *
I 04 190 I NOTE 11 I I Ell * Ell * I

*-----I I * * * 5 * * * • I YIJIJI**II - I 
I Gill 0.0 I * BEGIN O LOP * I I 
---------------- * * 200 I l 0 * I *-----. £

I £ H****** * I I £ ,
1 I I l £

I NOTE 05 1 £4 ---- -------. . I
I£ * * e I 12 I 22

* ISEi O LOOP * * ....----- . * * £
* 180 J ,,* I , * I Docul * Xl4 l** I £ * * 2
* * *** 1 * ..------------ * I * * NO 2

S I I I- * ENON OF DO -
--- II * LOOP

S £80 I 06 , 0 NOTE £3 £
I **----------* £ * * * *8* *8*H j **
£ £ CiE * CIII • I BEGIN DO LOOP * I

I ATJ£i I £ 8 200 J * 2. N * £IYES
------ S 1 £ 2 -£1

I I 
SI I +------ ----- IV

I I 200 I 14 £ f
-* 07 £ £ - ------ I

•~~ SOT UP AUGMENTED.... .

S * * I I Dill DIll II I
* I EJi.. I .* 23- --- 23.24 E*

SNO * -.....-- ----- * * I NOTE 25
.----H* END OF DO * I I £ * * £ * * * * * * * * *

8 LOOP * I I I £ * * NO * BEGIN 00 LOOP
* * £ I I £ H ENOOF 00 8-. I * 250 J " 1. N2 *** . , 8 5 I 8 LOOP * I .... * .

£ I I * I * * £ £
EYES I £ * * £ * * 3 I 24.03---II
I £ 1 NO * * I * * .... I I
I .--. ENO OF 00 * I IEES . 23 . £ * 26
S* LOOP . 19. *

--------------* ---------------------

I" •

£ £... I £2*40

A-30 £ £ 2£ -

EYE 1 , I * *

£ . £ SET UP AUSNENTRD £ O * 7
I I MATS£E £ .
£ £ E £ £E1 .24 .
S£ £ I £ .3 1.
S8*** - -- * £ NOTE 24 £ . .

A-* * * £ £ 230
* BEGINOOLOOP * E E
* 250 £ * I. N2 * I
**e*** ** *** I 220 £ 21

£ £ £ 841.14 * TN

.24.02.
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COMPUTER PROGRAM VOLUME II

05118/71 AUTOFLON CHART SET - PA5E 24

CHART TITLE - SUBROUTINF INTERPIN.NG,NIed.I

/ 230 I

*----------- A I-- ------ * I * -----

I

£ £11.31 - 013 * I I I NZ * N I I I 6111.31 - £1111.3 I
I 2 I I I I I I I

I .J | - I| 1 [4 I I I 0 M J - I Z J I

*---------------- -* I I NI * N I i I I AINTZJI - AINMJl I
I I ------------------- I * -------------------

23.2T---11 I I I I
240 I NOTE 02 I I I I

* * * * * * * * I I NOTE It I 290 I 20
CONTINUE * I * * * * * I *-------------------*

* * A N * * * I N BEGIN 00 LOOP I I AIM,1J. * 8M.N) I
.1 I 280 J . MI,. NI * I ---- - -- *----*
I I * * * * * * * I II I250 I I II

20 03 I ----------- I I
* I I I I N 21

* A I A 12 I I
* * NO I I I
SEND OF *- * * I I N0
* LOOP * I I TRUE *ABS(AIJ.NMi - I --- * END OF 00 *

* I - - .-- A .LT. I ' LOOP
* I I *ABS(AItMZ.M)I I *

* .. I I * I * I *
YIVES .23. I
I .26.1 I I EYES
I .... I I IFALSE II

I III I

I1I1I1 I

I 4I I
* 04 I I I I I

SI I I 13 I SUBTRACT ROwS
* I I *----------------- * I I
* NO I I I NZ J I ----- - II

* END OF 00 *- I I *-----.--- -- . I I 300 1 NOTE 22
* LOOP I I I I I I * .*
* I ----- - II I * BEGIN 00 LOOP

N I I 270 I NOTE 14 I 310 J NE N2
* ... ... AN...N.NN N I I A .... ....---- I*
[YES . 23 . I CONTINUE * I I I I I

I . 25. * * * * * * .* I I 24.2?---11 I 320 28
I .... I I I I I 23 I *
I I I I I --------------- N I N

I I I I I X K I I * 0
I I 280 * 1 I I I AJNI/AINMNI I S END OF DO 0 -
I NOTE 05 I * I I ------------ - I LOOP I

*********** I * N I I I I * * I
* BEGIN OLOOP * I I I I I A A I
S 260I N2 * I ENOOF 00 ----- I I NOTE 24 I ..
* * * * A * I A. LOOP A I * * * * A * N I I ES 24

I I * I BEGIN 00 LOOP I I . 094 .
-.-..... I * N I 30 J M . N3 I I ...

260 I 06 I A I * A N * * * I
...-- -.---. . I EYES I I I I
I 

I 
AlI,NE 21 - I I I I II------------ I I
I Eill I I I I 310 I 25 I I I

-------------- * I I I -------------- * I I BACK SUBSTITUTE
I I I A J JI I I I I
I . I I I AIJtIJ - I I I I
I I I I I 41N.JI.I* I I I I NOTE 29
S 07 I EXCHANGE ROWS I * ------------- I I * * * * *

* * I I I I I I B REGIN DO LO3P *
S N I I I I I M 360 .4.2

S NON I I I I I I *****N *****
-ENO OF 00 I 16 I * 26 I I I

* LOOP * I I I 25.07--- I
*• I N I I 30

* * I * * TRUE I E * No I I ------------- - *
I * Mz .EQ. ---------- END OF DO ------ I I . NI A 2 - 1 I

IYES I LOOP I ---------------
I I * N N A I I

FI I IALSE IVES I 31
I I I I . I * *
I I I I I *

REDUCE MATRIX I I I I RUE
I I I I I * G.ST.I N-I
I £ I I I N * I
I NOTE 08 I I 17 I * I

* . I ........--- - --- N 27 I * I
* BEGIN DO LOOP * I I NO * NI A 2 I * * I * ..
* 320 N * I. NI * I -- ...-- - - - N N I . IFALSE . 25.
S * A * * * I I N NO I I . 01

I I I ENO OF 00 *- I I ...
24.2 ---II 1 NOTE 1B LOOP N I I 030

I I * A * * * * * N * * * I I I
FIND PIVOT I BEGIN O LOOP N * N I I I

1 * 290 J N N3 * .... I I 32
. I N N N N A B * * * * NYES 24 . I N.....----- .. *
*-... .... .. . • I I . 23 • I I RE * AII N * I

I I .... I I I AlIII I
I I I I I

I I I I 0433 - T1 I
24.19I I ----------------- I

#24.19 N* I
I

.25.06.
... 350:
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VOLUME II

0/1l/71 AUTOPLOW CHART SET - PAGE 25

CHAT TITLE - SUBROUTINE INTERPIN.NO.NI.1.evi

-----------
/ 330 /

z4.1---I I...------------ - --- I

I 01 I I
*----------------* i * 10

I DOIl - AIIN * I 1 *
I 21 1 I *
I I I TRUE* *

I NO - 0 - I I I *----- NO .EQ. 2
*------------------H I H

I I I *
I I I*
I NOTE 02 PL *

* ** ** * •IFALSE
* BEGIN 0O LOOP * I I I
* 340 J IS NO * .1 I I
*.*HHR.** **..** I I I

I I I I
1------------ I I

S 340 I 03 1 I I NOTE It
I *-------------------* I * * **

I Dill " Di - I I I BEGIN 0 LOOP
I DI * Jl IAIIl * I I I * 380 I .!

I I JI I I I !** *1*4**

I *-------------------* I I I
I . . . . II .

I I I 300 I 12 I
I I I *----------------- I
* 04 I I I Rill CI I I

I * I *------------------* I
I * I I I
I NO R * I I I I- -  

END OF DO * I I I
* LOOP 1 13 I

* I I NO I
* P I I * * I

* I I P * 401I
IVES I I END OF 00 *----
I I I LOOP P

I I I * *

I I I IVES
I 0 5 I I I

*-----------------* I I I
I Dill I I I I
I DIlII/AlI,II I I I I
e-----------H I I I

I I I I
24.32---11 I I PUT LST 5OR
350 I NOTE 06 1 I COEFFICIENTS IN V

* . * * * * . * I I AARAYOESCENOING
* CONTINUE * I I GRDER

$000*11*11• 11 1 D
*R H* H ** I II

I I---- ------
I I
I I 390 * 14

360 * 07 I *

* * I $ TRUE
* * NO I NO .EQ. I *-----
S END OF DO *- * I

* LOOP * I I I
* * I I I

S .I I IFALSE I

I . 30 I I.
I .... I I"I ES I I I

I1 II
I I I NOTE 15 I
I. I * * * * ** I

RETURN ROUTINE I BEGIN 00 LOOP * I

I I 400 I * l 2 * I
23.09---11 I * P H H * ! 4 I

3T0 I NOTE 08 I I 1
* I II----------

* CONTINUE 1 400 I 16
****0 *** ' *-----------------* I

I I I VIII * OINI * 2 - I
I I I II I I

*I I - - - -

PUT LAGRANGE I I I

COEFFICIENTS IN x I I I I
ARRAYOESCENOING I -------------- I ----- 1*1

ORDER I I II

I I I I * 1
I I*e-------------- 
I I *I I 0 *
I R----- END OF00 O
I P LOOP

+ * *

I*
. . . I ES
I I
I 

I
II

-------- --------- 1
410 I 18

• EXIT *
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1COMPUTER PROGRAM JUNE 1971

COMPUTER PROGRAM VOLUME II

05/18/71 AUTOFLOW 'HAAT SET - PAgE 26

CHART TITLE - NON-PROCEDURAL STATEMENTS

0IMENSION At( Oell BI lO. ll Ctl0101,O I.EllOI.XtNie.yINI
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

05/8L/T71 AUTOFLOM CHART SET - PAGE 27

CHART TITLE - SUBROUTINE MIXER

M lXER I

06.04---*

...... VERSION 26 APR

11.1

--............... *..---------- - I*

I p * THRUST I I I 0o

I I I *-- - -- *

I MR . XNR I I LT MDTLH I

I I I I MOOTLO I

I ISP * XISP I I I II MTV

I I I I ATY- I

* EF XNEF I I I 2.*.0944*AEMLT* I
-- -------------- I ISPlO I

I I I **1.115* I

I I I S.E*2AIMLT* I

I I I ISP/00.I*.21S I

GAS OR ENGINE FLOW I *-------------
RATE I NAXI NUNI I I

II I
I I

I 02 I LIQUID VALVE ILVI

S........------- I WEIGHT.3 READ.

I MDOTH2 * I I I

I IF*NEFIJISP I I I

I /IMR *) I I 08

, I I *---.. -- ....
I WODI02 * I -I L42 * I

I MRWDOOTHO I I I MDOTLN*144/ I
-*........ . I I IRHOH2*LVELH2 I

I I I I
I I I DIALMZ * I

I I I IALH2*4./IPI)*0.S I

LIQUID FLOW RATE I I I

IMAXIMNUITGAS-600 R) I I *LVH2 *

I I 3.RI2.43DIALH2f Ij

I 0 1.3781 I
- 03 1 -------

I OTL H I I I
I LFRH2ADOTH2 I I 09I e,-. .. . . . .. ..3

I WOOTLO* I I I ALO * I
I LFROZWDOTO2 I I I DOTLO*144.1 I

---........- - I I IRHOD2OLVELOA2 I

I I I I
I I I DIALO2 I
I I I IALOOR*./PItM*.S I

MIXER CHAMBER INCI I L

AEI"T I ALTO2 I
I I I 3.RI2.43*DIALO2** I

I I I 1.31 I
I 04 I - -----.......-----

*-------------- A I I
I AMCHN I I I
I D.0339S.*DHl2**2. I I I

I I I GAS VALVE IGVI
I WNCO2 * I I EIGHITVISOR TYPE.2

I 0.*0635*S.*D02*O
* 2

. I I RED.
--------------- * I I

I 10

PRESSURE REGULATOR I I VGVH2 - I

IPR *EIGHTIRIS I I 2.0AIES
0
3?RDZ*0AI1

TYPEe2 REGO. I I 1. 471TI I
I I I

WI GV 2 - I

I 05 I 1 2.AI1.5903700DO2* I

---............--... I I 1.214471 I

I MPRH2 I - ------"

I 2.6.39142* I I I
I WDOTH*0*AO.4I97 I I I
I I I I

I WPR2 * I I TOTAL MIXER ASSEMBLY

I 2.*3.660E1 I I IMAI WEIGHT
I kDOTO2O0*Aa.4191 I II

---------------- * I I
l I El

------------ A- 1

I I I dMAH2 * MCH2 * I

THROTTLE VALVE TVI I I MPRH2 * TV2i. * I

WEIGHTCAVITATING I I ALV2 MGVH2 I

VENTURI VALVE AND I I I

ACTUATOR I I d !A02 * MMC02 *
I I I PR02 * YITV/2. * I

I I I WLV02 . WGOV2 I
-- -- - - - *I I

I AMR * VAH2 I
*-- --------- A-

1 12
I LU

*--------------- A
I lISP * NMA02 I
*--------------- A

I
I 13

* EXIT *
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

'0/jR/f| AUTOFLOW CHART SET - PAZE 28

CHAR! TITLE - NON-PPOCEDURAL STATEMENTS

COMMON OH2.EDO2.XNEFXRReXISP.THRUST

REAL MR.ISPNEF.LFRM2.LFR02.LVELH2.LVEL02

DATA LFRH2eLFRO2/0.7b6.0.4B/,LVELH2.LVELO2/SO5.30./ .RHOH2.RHOO21/4.

13,T1.6/EPI/3.141591
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

OSiLEITi AUTOFLOW CHART SET.- PAGE 29

CHART TITLE - SUBROUTINE PASHEMA

2 PASHER I

06.24--- * ------------ l ------ I. ---------- I*

I I it

...VERSION MAY I MASS FLOW I * ----- - *

71 .... I RATESTIPICN IS ONE I I TUBEH I

F THRUST O O mE I I I TUEAH*TUBLGH I
ENGINE I I I XNTUBH*XNOPHH I

1 I 04 1 I RHOTU*12. I

*I -----H ------- * I -----------

I 01 I I OTH2 - I I I
--- -- I I IFIlFI/EISPI I I I;ATH "..

TPAH * 0. II X1MRIIMI * I
I TAH 0.1. RIT TUBE ATTACHMENTI I I I.I*XNEFIIFIORITO ITE ATTACHMENT

I TPAO O. I I I I I (RIVET

I I I OYDOT02 I I WT0.OISLES/FTI

I NHEXH * 0. 1 I I OOTH2*XMRI lR9 I I I

I I I I I I II IEXOI TH2 II 12

.. E..O. I WOOTH*-WPC .. 1 -------- -
i - - - --..... .. . I I RIVH I

I I I I I .015*T*UBLGH I
I I I I XNTUBH*XNOPH I
* 02 I I OS *---- -----------

* *. ----------- -------- I

* * I I WOTO2 - I I I
a FALSE I I WOOTO2*WEPRCNO I I I

TIPRCN .E. *------ ----- ---------- I LIQUIO LINES
S 0.0 * i I

S H I I I
* A I I I 13

* HYDROGEN SIDE I-- ------. ..------ H..

I.TRUE I I I ALLH * I

I I I I MWOOTH2*144.

I I1 I IRHOH2HLVELH2 I
I * 06 I I I

I * * I I DLLH I
I * I I IALL4*4./Pil**.5 I

I 03 H H TRUE I I I
*---- -P- RCNA .EO. *-* I I TLLH I

-EXIT A * 0.0 I I I PTHIIIIOLLH/ULTS I
H I -I ---..----- H

* * I I I

* .... I I
IFALSE . 0 I I
I . 12 . H 14

I 1 H H

I I FALSE .
I I *-H.* TLLH .L.

I I I * 0.022
TUBE WEIGHTS I I

I I I.
I I I H
I 07 I I TRUE

I-------------------- I I
I TTMH2 - I I I I
I PIH(Ill I I I I

I *TUBOHIULTS I I I I
-----H ------- * I II

I I I I IS
I I I ------------ --- H-

I I I I TLLH * .022 I
O 0f I I ---------

H* H I I I

- - - - - ------------ II
FALSE * * I I I.

H TT HH2 .LT. .------------------

* 0.022 I I XLLLH - KLGH 4 I

SI I XNOPHTUBLGH I
I H* * I I I

I * I LLH I

I ITRUE I I Pl*OLLH*TLLH* I
I I I I LLLHERHOTU*2. I

I I I -- ------ H

II I I
Ill I
Ill I

I 09 I LIQUID MANIFOLDS
S------- ------------ I I
I I TTHHO * 0.022 I I I
I H--------- ----- H I I 17

I I I -- -------- *
I------------I LA I

I 10 I I DLLHI*I./XNOP HI I
H------- ----- H I I **.S I

TUBODH * TUBDm + I I I

I 2.HTTHH2 1 I I TLMH * I

I I I I PTHIIIIHOLMH/ULTS I

£ TUBAH * I .-------------- H

I PII.*ITUBOOH*2 I I

I - TUSOH-2.0 * I I I
I ITTH2*1.II I I
I H3.*TUBDH I I I /
e--------- H-------- I -----

1 I 130.01

I I
e----------*I
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MDC E0398

LOW PRESSURE APS DESIGN AND SIZING 1 E019

COMPUTER PROGRAM VOLUME II

05/16/71 
AUTOFLOW CHART SET - PAGE 30

CHART TITLE - SUBROUTINE PASHEX

29.-17--1I
01 TUBE WEIGHTS

* * I

-F. T RTALSE * I. .I 14

2 
TTH02

I * 0.022 * I PTOI J

I TUBDO/ULTS I
-----------

I IT R U E I

II
II 

I I

I I is
II I

I 02 I FALSE * *

I -.- - I ----- * TTH2 .L.

I I TLMH .022 I 
0.022

S------------ l TRU

I 03 
ITE

*---------------I I I

I XLL.MM I I

I XNTURH*TUSPH I I

I I I

I WLMH I II 6

I PIAOLM TM I 
16

I XLLMHRNOTU*XNOPH I 
I I----------I

* ----------- A I TTH02 *0.022 1

II I I
- ---------- I

I[ 
I 17

GAS MANIFOLD .. ......
I -----------

I I TUB00D * TUBDO

04 I 2.*TTHO2 I
--------------- * I I BA

I GMAH . I I I TUBA *.

I XNtUUH/4.1 I I - ITU **.B OO *2. I
. P l 1 4 ; ,1 

I - , T U B D O 
I ~ + 

•- i

I IGNAM ./PI**.5 I
U 2. I I -------- T--------

I* I * - - I I

I GMH I I 09 I I
I PTH IIIIIO I H/UPA- ------- I ---L

*- - - --- I U H I I T85 0 I

I ' I 5.02.EAIELLI I I TUBAO*TUBLGO- I

I 1.378 I I ENTUBO*
X
NOPO I

I I ....----- I BN OTU*12. I

05 
-----------------.I -

* I* I I

A I I I

FALSE * * I PANEL AREA ITOTALI I
S--- NGMTN . . * I I TUBE ATTACHMENT

1 0.030 
R I IRIET

A " I I 1 0 I wiT.OIRLBS/FTI

I I A - - - - B I * I-" " "" " " "

SI I TPAN L I
HITRUE I I TUSNTUBSPN* I I I 19

IRU I TUBLGHAXNOPHIE2. I I * ------

I I* P- - - - - - I I RIVfO - I
I I .01RIU L'O I
I I XNTUBO XNOPO I

I-I---I----------

I - 06 I TnTAL WEIGHTS II
- --.. . .. . .. . . I I I.

I I GMT" 0. I 030 I I I
I--- ---- I I 1 I LIQUID LINES

I I I ..- ------------- A I I
--. .. . .- II I SHEEN * TUBe M x I I

I 0 I I EIR' • W LLR* I I I 20

.------.- - ---- - I I WLN M N URN I ----------------

I GL I ----- * I I ALL•

I XNTUSNUTISPH I I I I ADOTO2*1N.I I

I I I I I I IENOOZALVELO2 I

I ,o GM H* I I I
I PIOGXYGGMTHR I I XRGEN SIDE I I OLLO I

I GMLGNBBNOTUXNW I I I IALLO*N./PII$RS I

- -------- I 29.06--11
I I I TL0

I t00 * 12 I PTOIJJI0LZOlULTS I
I I S A. . . .. . . ...I

NAIVE WRIGHTS I5 * I1I

REQOI I S FALSE II

I 1 PRCNO.EG. .. I

I I * 0.0 * I /

A T U #31.01

ITEUE

I E

* EXIT *
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1COMPUTER PROGRAM JUNE 1971

COMPUTER PROGRAM VOLUME II

05/18/71 AUTOFLOW CHART SET - PACE It

CHART TITLE - SUBAROUTINE PASHEX

30.20---I*
I

**D

FALSE *
----- * TLLO .L*
I A 0.022 S

I * *
I * *

I ITRUE
II

II
I I- ------------------
I I I - - 09

I I 02 I I GMAD I
I *- . ---- I I IXNTUBD/4. I

I I TLLO .022 I I I *IPII4I I
I ....------------------ *... I I *TUOO'2.
I I I I I

..--- .II I I GMDDO* I
I 03 I I SMAO*4./PII**.5 I

------------------- * I I I
I XLLLO XL * I I I GTD 1
I MOPOTUBLGO I I I PTDIJJI*GMDN/OIULTS I
I I I ..-.--- -.

I WLLO - I I I
I PI*DLLO*TLLO I I I
I ALLLO*RHOTU*2. I I I
------------ K to 5

I I *
I I *
I I FALSE *

LIQUID MANIFOLDS I *----- NTO .LT. *
I I I 0.030
I I I
I 34 * 1

*-----------* I I*

I DLMO * I I I ITRUE
I DLLD*II.IXNOPDI I I I I
I .5 I I I I
I I I I
I TLMO - I I I I
I PTOIJJ)I*DLMOULTS I I I I
*---------------- I I I I

SI I * *------------------
SI GKT * 0.030 1

I~ I -*-------------------

S 05 I I
* I A----------II

* I I 12
FALSE * I.----------- -----

----- TLMO I. LT. I I GOMLD * I
I • 0.022 * I I XNTUBOOTUSSPD I

I I I MMD
I P*G I ITo. I

I * I I PIKGMODGNTO* I
I [TRUE I GLGO*RHOTU*xNOPO I

I I I ***-***-----*

II I

IlIl I
I I VALVE WEIGHTS IS

I 06 I REDI
j -------------------- I I

I I TLMO • .322 I I
I . .-------------- * I I 13

II 3 . .. .. ... .. ...-

- -----II I I VD * I

-- .*-- --- -- . I I *11.376 I

I XLLMO I I.--------- . . .

I XNTU O*TUBSPO I I I

I I I I
I WLMO * I I I
I PIDLMO*TTLMO* I I PANEL AREA ITOTALI
I KLLMO *RHDTU*MNOPO I I I
*-----------K I I

I I I 14
I I *-----A--*

I I I TPAD 2 I
GAS MANIFOLD I I XNTUBO*TUBSPDO* I

I I I TUOLGO*XNOPOIZ2. I
I I ------------

e--------------* 
II
I

TOTAL WEIGHIS

II
I IS

I SHEXO - TUBWO * I
I ViVWD * WLLD + I
I MLMO . W;40 WVO0 I
*----------*-

II

I 16

S EXIT
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MDC E0398

LOW PRESSURE APS DESIGN AND SIZING JUNE 1971

COMPUTER PROGRAM VOLUME II:

05/1I8/1 
AUTOFLOW CHART SET - PAGE 32

CHAAT TITLE - NON-PAnCEDURAL STATEMENTS

DIMENSION FIIOI. MRIIOI.PTHIIOIPTOIOIMXNEFIIOI

COMMON/HETITUBDHTUBDOTUBSPH.TUBSPDtTUBLGHMTUBLGO.XNTUBHXNTUO0

XNOPHXNOPO.PTHPTOttJJF.EF,TXMRAtReXISP eXMEFE.TPAH,TPAOeMHEAXH,

WHEXO.WPRCNO.WPRCNH.TTPRCN.RITO

REAL LVELH2,LVELO2

DATA RHOTU.ULTS/.101,64000./.LVL2etLVELO2/50.e30./PI/3.14159/ 
.R

HOHERHOO2/4.13,71T.6/XLGH,XLG0/33.,20./

A-39
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

O1/161TS AUTOFLOW CHART SET - PAGE 33

CHART TITLE - SUIROUTINE PROPEL.

I PROPEL /

06.32---1
. . . . . . . .. . ERSIO 13
DEC 69. *.. ....

1 01
--- -- ------****-S*

I AHZ I
I TOTI/XISP*II.l I

I It * 1.11 i

I I
I MO2 I

I TOTI/XI SPI(XHtl I
I lIHR 1.1 1

I I
I XISP * 5H2 I

I
I IESA OZ I

I
I 02

* EXIT *

A-40
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

OS/16/7| AUTOFLOW CHART SET - PAGE 34

CHA4T TITLE - OH-PROCEDURAL STATENETS

COMPON AAABAC.Xl$PeXMAR.TOTI

A-41
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1COMPUTER PROGRAM JUNE 1971

COMPUTER PROGRAM VOLUME II

05/10/11 AUTOPLOM CHART SET * PAGE 35

CHART TITLE - SUBROUTINE TANK

/ TANK /

OT*02---I -.. . . -
0.2-**---------- -------- * I ---------- --------*I*

II A I I 14
.***.VERSION 5 NAR I ----- . I *- ..

TI* ****. RADO2 I I I MT. I
I****INLUDES TANK I I I*VOLZi4*. I I I SUIAH2TN2*.101* lO

AND I I 141AI**.33 I I 1.1 1
SUPPORTSFOANIHZI I I I I I I
CODLINS I I SURAH2 * I I TSN2 * I
SHROUD.IMSULATION AND I I 4.*.1416*RAH2 I I I O.1*VOLNZI2A.
SUPPORTSFIRERGLASS I 1 2. 5 I I I
AND SUPPORTS.R4O I I I I I 002 * I
PROPELLANT I I SURA02 * I I SURAOZ*TO20.101* I
ACOUISITIOM DEVICE I I 4.*3.I41ARAO02** I I 1.1 1
TANK BURST PRESSURE I . I I *------- - --

I . .-- --- A I I
*I II I
S 01 I I I I i5

* - --- - * I I I *---- - S*--
I PSH2 * PTH*2.0 I I TANK THICKNESS I I TSO * I
I I I I I I0.*2.*RAOO2/ . I
I PB02 - PTO*2.0 I I I I * .-------------- ---- ----------.------
................. . I I 01 I I I I

I I *- ------- I I I INSULATION AND
I I I TH2 I I I I SUPPORT
SI I PRH2RADH21I. I I HZ TANK FOA I

PROPELLANT VENT.BOIL I I 4OO. I I I I
OFFAND LIQUID I ----------. * I I I I 21
RESIDUALS to DAY I I I I 1A I *------------------
NISSIO I I ----------------- * I I MIH2

I I I I FH2 * I I I SURAH2*.A*S./ I
I I * I I SURAM20*422.S/ I I I 1T28.*I.I I
I 02 1 * I 1T8. I I I I

*--- ---- - * I * * I *------.---.. * I 102 I
I YVH2 * I I FALSE* I I I I SURAOD2*.97*./ I
I IWNZ/19O.I I I .---- * H2 .LT. 0.04 I I I I 1726.*1.1

I **.66AT*72* I I I * I I .*----------------
I 9.7111.*a8.24. I I I * * I COOLIG SHROUD ER DAY I I
I I I I * I MISSION I I
I MV2 0.0 I I I I I I
I I I I ITRUE I I I FIBERGLASS A4O

M0H2 1 I I I I 17 I SUPPORT
I 25.*(I0N1950.I I I I I I 5-- ----- * I IM2* 1I EI;g0.1 1 ......... 1
I *. 667TI I 1 I I I RH * I I
*------------------ I I I I I i.*4.1 1 I I 22

I O I I I I *- - - - -
I I I I OR I I N. I 1 I OFGH2 1
I 0 I I * ---------- I WVRAH2/.49*4. I I I SURAHN2*.02*.067* I

.---------- - * I I I TH2 0.04 I I I I I I 1.45 I
I 002 * I I I -- --- - - - * I I NI - AINTINI * I I I I
I 48.IWO2/5800 1 I I I I 1.0 I I I SFGOZ * I
£ *.6671I I 1 ------- II I I I I I SURA02* 02*.067* I
I I I I 10 I ND * WVRHZ/.4509. I I 1.4S 1
I N2 WH2 I I ------------------- --------- -------- I 0- ------
I ,MVH 0N2 BO I I 2 I I I I

I I I I P02*RAD022.* I I I I
I 02 02* I I 64000 I I I 18 I I
I VD2 02 0 I I *. . ..-----. * I *...----------- -- 0 I ACQUISITION DEVICE
I I I I I I 42 AINTINZI 1 1 I
I 0H2 d2/.991 I I I I I 1.0 I I I
-*---- --- * I I I I I I I 23

I * 11 I I TUBCSA I I ,......-----
I I * * I I 3.1416/4*04.12* I I I MAl2 - 17. * I
I 04 I * * I I *2. I I I .250*SURAH2144. I

*--------- . --- * I FALSE * * I I .10S**2II I I I
I o2 - 02/.987 I I ----. T02 .LT. 0.04 * I I .. I .01 I I I WADOD2 -* 1. * I
*--------- * I I * * I ...... --. I I *ZSOSURAOO/I44. I

I I I * * I I I ----------
I I I * 0 I I I I
I I I * I I 19 I I

TANK SIZE I I TRUE I - --------- * I I
I I I I I 1 WCTH2 * I I TOTAL TANK WEIGHI
I I I I I I TUBCSA*IS.1416 I I I
I OS I I I I I RADH2*NI*.01 I II

*------ - ----- * I .I I I I I I I 24
I VOLN2 I I I I I I WCTH2 4. I I ....------
I HZ.2Z401T2.* I I I I 12 I I MCTH2 I I I MTTH2 WTHZ * I
I 1.1 1 I I . .-- - ---- I I I I I TSN2 * F2
I I I I I TO2 * 0.04 I I I WCT02. I I I 0CTM2 K 0CSH2 * I
I VOL02 * I I I ------------------ I I TUCSAS.1416* I I I WIHD FGH2 * I
S0*.0144*1TZR.* I I I I I I RADO02*M21*I01 I I I 0ADH2 I

I 1.0 I I- -_---.II I I.... --- I I I
I I I I I I 1 I MT1102 02 . I

I RAH2 * I I TANK MEIGHT AND II I I I02 * OCTO2 * I
I 3.*VOLH2/14.*3. I I SUPPORT INON-OPTIMUM I I 20 I I CSOZ 102 * I
I 141611!0.3333 I I FACTOR IS 1.11 I *- ----- -- * I I FG2 * MADO02 I
*------------------- I I I I CTO2 - 4. I I *------------------

I I I I I CTO2 I I
I I - - -I I I I
------------- * I WCSH2 I I I 25

I SURAH2*.00S*.101 I I ------------------- *
I I I I PTNH * TTH2 I
I OCt02. I I I I
I SURAD2*O001.101 1 I I PTO * 0TT02 I

S-------------------* I I I
I I I 0ND*WHZ I
I I I I

II

- 26

* EXIT
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
COM1PUTER PROGRAM JUNE 1971
COMPUTER PROGRAM VOLUME II

05118/71 AUTOFLOW CHART SET - PAGE 36

CHART TITLE -NON-PROCEDURAL STATENENTS

COMMON PTH.PTOAB,H2.MG2.AC

REAL NIN2

A-43
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

OSII/8/T 
AUTOLMON CHART SET - PAGE 37

CHART TITLE - SUBROUTINE PREitSYSIPTO2,PTH42.TH2,TOZMNHZNO2

/ PRESYS /

0.08TO---I* - . .- - -

1 I 09
... VERSION 26 JUNE -

T ; 16 H

HELIUM DENSITIES I IS I PROPHE H

HYDROGEN SIDE 1 I. I ITOZ P.RH+0.. "

I I0 1 O.0. I H
•IIH

O!.. . .. . . .I - .

e-..............-* PRPLL N I N

I----------------* I -- -- I - - -

I VPH ESPIVAPHO H II PHINTH2 * I I I 10
a VPHZ1THB1 I I

I I I I RHEODT RHD I
I P.PTI2 - VPH I I

IlII I I II RHO 0. 1 I I

--- ------------ * I I
I PROPELLANT TANK

I I VOLUN ES

I 02 I IH2-INITIAL.10
------------------.. I PERCENT

I6 I I ULIAE O2-FINALI

S I. PROPE H I I

I I ITHB.P.RHO.0.. H I I
I0 1 0.,0. H I I it

16 H a I. . .. ..
---------- * I VOLH2 I

1 a I N2*.22 T28.- I

I 0 I I I

- - -I R-- - * 0.0 I

I RHEHTI * RHO I aI-- -

------ -- ---------- a a

I II a I 12

I I PN 3RQ.

OXYGEN SIDE aI I D

I 
a PROLO H

I; I ITO2 PTO2.ROZ. H

1 04 I 0 I 0.O1I H

S.........-------. I I - HI P*
•

3000. I a

1 81

I I I I
I E 00 HO * I I

*--;;TO2 - W0PD2

.....--------------- I I

I I -

1; 1 ' I.. .
1 

..................

• • +I

O H 
H I

------------ - I - ---

I- - -
-- - -- -

IA I ... H I I

•6 H.. . . . . . . . I I +

I I VOLHEH : VOLH2 I
1 0A6 I I

------- S I VOLHED I

1 RHEI * RHO I I I IRHEOTF*VOLO2 I

I I I /IIHEOI - RHIOFI I

I P - 100. 1 I -

I I I
I RHO - 0. I 1

------- ----------- I I

I I PREPRESSURANT AID

SI PUNP E3 REQO.I
I 0 1 I EIGHTS-HY DROGEN SIDE

e---------- I

161I H I1

IS I PROPHE H I I 1
I. TOZP.RH~O.. H I .........

I0 I O MO.. H I I w - 3.24.2 I

IA I H I I VOLHEH*RHEHTI I

*------------------- I ----------

I
I O I I

- -- PRESSURANT AND

I RHEOF - RHO I I PRESSURANT TANK

I I I wEIGHTS-OEYGEN SIDE

IVO ExPIVPOU * a I I

I VPOITO2 , I I I

I VPOZTO2I I I--------------------------------- 
--

A P P0 P I I *-------------------
I PPTO2VPOI I I PVO2 I

I I I I 2.223000.NVOLHEO I
I RH00 I O I

-------------- I• ... .... ... .... .• 02 -

I 
EXPI2 31 NOI

- ----- - I .9921WALOGIPRVO21 I

I O2 WO02 - I

I VOLHEO*RHEOI

I I
1 18

* EXIT H
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398

COMPUTER PROGRAM 1 JUNE 1971
VOLUME I

05/17 AUTOFLOW CHAAI SET - PAGE 38

CHART TIlLE NON-PROCEDURAL STATEMENTS

DATA VPOO.vPOlvP02/16.6430.-.57154E-2- 85.15/I *VPHO.VPHIeVPHZ/

5.61162.4.TO16704F-2.-163.l12z
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398

COMPUTER PROGRAM JUNE 1971VOLUME 11

I09/171 AUTOPLOM CHART SET PAGE s9

CHIART TITLE - SUBROUTINE PROFNP2ET.P.RHO.eHe.St

I, PROHE 

N

TIDES Al PIPSII
RHOILOM/CU. INI
HIRTUILBNI (ITU/LBN
DEG AISATURATION CORRECTION

Al OCT TO70

I 01
*--------- --------- 0
I IO0 * I I

------------- *

I RP142 /

I

II
I

I I NOTE 02
. 0~llle .

| 03

IN

I

I- - ------ -II

II

too * 04

• TOI.T
°  

.O TRIUE

S LT. 540. -

IALSE 0
I .09

I

I I

IS S PRPI2 /I. I IT.P.RSOH.S. II

IO ul
12 1 O

I

I 06

* •-E---- r- •

EXIT
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LOW PRESSURE APS DESIGN AND SIZING MDC E03981

COMPUTER PROGRAM VOLUME 197II

VOLUME 11

05/k8/71 
AUTOFLOM CHART SET -PAGE 

40

CHART TITLE - SUBROUTI PRUFH2IT.P.RHOHM*SI

/ 110 I

1

39.04
- - -

1I
I 09

---------- ---- --- 0

tT /.8

I P * P/14.69. 6

I NOI RHO. I
I RH3*1t2./(62. 1
1 42622?*2.015721 1
--------.------------

I NOTE 10

* BEGIN 00 LOOP *
* 120 I * L 1 . I

-- ---------- ill

I 120 I I

I At l 1 11 . A I I

I I AR-I AI----- SOLUTION FOR PRESS

I 
I

II - I

I I II

I 12 1 210 16

I. * I * * A

I No A 
TRUE

•----- END OF 00 H T .GE. TC A-*

A LOOP I

* H * H I.

iES IFALSE . 2.

I I 
I

I I 1 ;;0
II I 0

II I

II
A 13 I, 17

* TRUE I * TRUE

* ARSIPI .LY. A - - * RHO .LE. RHOC *-*

* A0• H I

H* *H

IFALSE IFALSE .42

SOLUTION FOR TEMP II . -.

I I

IA-I 
I 22o

160 I 04 i 
1

.A.. . . . . . . . . . . . . . . . I 
I

HI - - - I- --- --- -- -
I - - I £ FUNCTIO.0.300.. 1 H 4 14

170 0 I I RHO I 43.09

A H ----------------
A A.4.9

H H I .I I • TRU

S TRUE I I AS I LT. ... 270

SRHO .LE. RHOC -* I 
I.O

H H I I A 05 H

** A*A*

I TRUE 
IFALSE

IFALSE . 4'. .----- PP .GT. P I

I . 1. H H I
I .,'- H H*

I £4
i
0 H * I . . . . . . . . .l

I to

IFALSE I IR
I '? I SOLUTION FOR RHO I -...........
- I I I I PSAT EPEA I

£ PP I I I 
I IIIRP)T EPIT I

I FUNCTIO.33.eRHO0 I I I P---------------

A ---- *-R----H- I R

I I 06 * I I

: 03 A A

I I P P 4.696 I TRUE I

03I 
I * . .GE. TC AH• H •

• I *0 RHO I I

A A I RHO*62.428227*2. I H I I TRUE

* TRUE I 01T21 S. I A P LE. PSAT *-TRUE

* P .GE. PP *- 
IFALSE---- I P .E. AT

A. .... 14 £ FLSE .' '
IFALSE . * P I I H I I

I . 1$, • 15 I PEPHO H 
... .. . .. .. .

. I T.P.RHO.HeSH H • i140

I . 0 10 I UI HI
12 1 H
------------ H 

I
I 1 •1

I I I

.4.09. 0-.43.09.
EXIT 

... 270

... 70-------.....
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1COMPUTER PROGRAM JUNE 1971

COMPUTER PROGRAM VOLUME II

O5te17/T AUTOFLOM CHART SRT - PAGE 41

CHART TITLE SUSROUTINE PAOFHZTeP.RHO.HSI

I 140 / .4 le0 I

I I
40.15**11 40.01*--11

3 01 3 15

I K.O I . T -IP*
SI I VMA*(RHO*RHOII I
I SA * I I *II./RHO- I
I AILI*ALOI2*T * I I VMIIAII
I Al(3 6 AI4 /T + I I I
I AlSI/I£T*TI * K .0 3
I AII6I/T*A4 1..... *--- -----------
I I
I S6 * AIIII*T I I--------
I 190 I 16 I
I SC *- P A .---- .-- 3.. *
*------.. -- * I TO - I I

I I FUNCT(PT.RHOI I I
.I /FDT3P.T,R I

I 02 *--- - -- * I
A-----------* 3 3

I RHO T -SB' I . . I

SSORT£ARSISSS - 3 i I
I 4.*SAASCIII I * I I
I 12.*SAI 1 * * I
A----------- * * * I

S* ABS:ITOT - * RUE I
I * T)ITS .LT. *-* 3
I * 1.0E-5 * I I
* 03 * I I

* S * * I I
* * S **** I

* * TRUE IFALSE . 42 .
* P .LE. PC ---- * I * 02 . I

* * I I .... I

* . I I I
* I I I
IFALSE I I Is I

I I *-------------------* I
I K£K I I

I I I
I I I1I

* 04 I 19 I
* S I * S I

* *- ----------- 41.03*--I* * * I
FALSE * A A 150 I 08 TRUE * *

+.....* P .GE. 60. * I *------ -------- ------ K .GT. 100 *
S* I I I RH00 RH0 - I I * * I
S * * FUNCTIP.T.RHOI I * * I

• * 3 I I /DFDRIP.TeRHOI I I * I

* I -*-----S £ S I
ITRUE I I I I IFALSE I
II lII IlI
3I£ I I1l. II

SI I £ * 09 I I I
3 3 I I * 5 3 I I
* I I I * * I I I

I 05 I I *ABSIIREiOO -
* 

rRUE I 1 20 I
-*--------------- * I I * RHOIIRHO) *-. * ------------- I

I RHO - P/IAIII*TI I I I *.LT. I.0E-7* I I I T TO I I
--*-------* I 3I * -- I --------- I

II * * I Il
*--------- I I ... I I I

I I I IFALSE . 42 ;. ------------
* 06 I I I .02 . I

* * £.£.I
* * I I I 230 I

* FALSE I I I I
* T .LE. 40. * -----. I I I

* * A I I 0 I
* * I I ----------------- *

I I I K -K . I
* I I *--------------- *
ITRUE I I I

I I I
I I I I

I I I * 11 I

I I I
I I I * * .
I 07 I * * TRUE I

*-- --------- * I * K .GT. 20 *----------------41.101--14-----------
I RHO - iALI * I I * 250 1 13
* T*L. :IAL2 + I * *- ---- *
SAL3*T*h I I * * / MRITE TO DEV I

I P*14.7*(ALA4 6 /
I ALS*T*.I I I I IFALSE /VIA FORMAT /
1 /62.43*2.015721 I I I / 260 /
------------------- * / FRO THE LIST /

| I ------ ---------
SI I I
• .......... 1 I3

1 I 12 I MOTE 14
I *-------------- *
I I RHO * RHO I * LIST - T, P. EHO *
1 *. --- ------- ** **

I I
I I
-------------

.44.02.

... 350
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1COMPUTER PROGRAM JUNE 1971
VCOMPUTER PROGRAM OLUME II

OS/E671 AUTOFLO. CHART SET - PAGE 42

CHART TITLE - SUBROUTINE PROFH2I.TPeRHO.H.Sf

40.16---1 42.05--- - -

-P .- ....... H -----------

FURCTIO.*TDRHOI a I 09 50.177* .01 72 +
------------------...................* ----- I 0100. - TO3 * I

S a a RHO/I/T* * I I 9I3100.900. - 3
41.0q9--II 3 i.*AI61 i a TO9I10O|2. .•

230 3 02 a I 9RHOIT**4 • I 3 C93100.993 "

S-------* - -------- * I I AaRIRHO2I2. * 0T e1/. 4
I £ I I 30.93 3a 09100.I4 -

3 P/ iI9T*RMO I I --...........--.... I 1O**43/4. A I
.......... ...... ... • I E |IOll

I 09 F 100.* 6 - I

I ----............------ T06/6. I

S 03 I 101T*2 + I 13.4408*9T - I

* Z 4.l3T0 AI I I ,TaOO i -
-- - TRUE I I /-2.9A4*4 1? I I 00.9I00.3/2. a

.. A . ... ... . . .. .. .

(P/I ).LT. 9-. a -a 4E - 1.3 * 3 9 - - -

* 0.0 * i 3 I 13.*A -31/T**2 * I
* * i I a 4*Al43/1**3 0 a

* .9A3553/T9*4I I 3 1

aPALSE . . *IEx*IRH02 . a S.R297E-393T*T9 I

I . 13 . a 1 1.IA 1?7) - a I T - 100.1*33 I

aPZ L . 0- a . I * /63173IAI aI*------------------

I .... I I I . A(1 7 ) * I I
I 20 A f 16 4RHO*5/S.3 I

a *.0242EI 

II I
iI I.................. i L6

1 *.04 , 11 16

CALCULATE ENTHALPY aI a / - *
a I I I 3.?2881E'59T994 3

I CALCULATE ENTROPY I - t 00. 41/4.

A 04 a 1.06569 T * ------------------- 10

..----------. . a I I - 100.)*5;7/. a I 19

I RH?02 "- RH*2 a 10 a .135s?9E-"O" T9 a.

* E * a 3 a S - t *ALaSAP HT9 1 a a 3 100 . 0 *.3 /2 . a l

X --- --- --- --- -- ** T. 0 2* - 2A hl A ~ * H

EXPI-AI171HRH a I 7 O.3191!2 I1 aa .1 Aa3*)RHO a a .) T - I

2TO -_20.268 01 * C9TeT )3.0A453 I I aI

06TO i *RHo IT 2 + I I

e----------* I I Af7*th .Al~ I . 20*--" " " "

1'0:---------------- -E- -0* I I aa--- ----- - -------

.. ...... .... .....-- -- - - I. ,

I I a 1*93/3. * 3 RHO/T994 *el• IRIH22 a a ~ l

03 30 T0994114. * • 3).9A3103/1992 * • 100.9
o
33/3. *

* t * 11 * 4a..................Al * I 1.065 -7 19T-4

*1 a 109 1. -------------------- - 00."41/4. - I
TRUE I I -AI I*ALocI P/ I I I a 1.13519A-110° I

* 1 .GT. tO0. I- " : I a * ,oO.9 ,55". a

• 1 1 All-A3 R3 * 1 1 I-itaaAl LOGIPI I

*I I A4 EH1OT 2. a --- - ------ A I * - I

| 3 2.99(33 a 5.1ilt2 aA 1 1A33RH0 * a

* L " . a $RHO/T90 A 3 3 /1ie41 A43RHOIT-02 a

.. .ALSE 4i ... ------- -- .- - I * 2. A'5 I

a1 14 . a 3 (* - 1. • *RHO/TI 9II3 3
... (3.A431 *

240 I3 L3 4.9Al fi0 /t9 * R,0/T -

" Tooa ..+.1 1.

a 4.9AT63 a /31.9£31A 3 3 a 95H02/2. -

06 3 3 9 HOIT1 - I I EX•lRH02 I I I A191RHO093/3"

3 T1 - I - 20.268 a I ORH0212. - A393 I 1./AI|13| I I . .a

SA .02421s 1 1 a 21
--------------- -------- I

I ~.i s •..........•".. ..........

1 071 3 12 1 32.9A
| |
0
O 
/T9 3 . 1

-------- --------- • ...-------------- ----.. I a.0A /T 4 1

3 H * 3 3t 3 RH00933. + l 1S 4.IAItloII9• 
I lSO~lTTI 12.*AllOI/lj, , 4 *A.......... ... • |.05",ll~l

3 o 30.11 ---------------3* 3----- 90 I a .1 ,, --9 13 3
3 I.0I5?2 . '.*I | a a a letl3/T 4 A O 1 S I I E0 - .*l t

I £0I + G*4TT - I I I 4.*All0 T 0sl* a 3 .31902.01S72 * 1 a 1 23.A(1313/I93 * I

l 1OTO0., 9 3 I3 I I 1.0/4-2.0A1171 I 3 I AOSALOG 100.10 I I 30. Al143/1*49 0

S CelTI - I9IE0 - 1.I 5 693100. 3 4.9A lT5 3

TIe09 3/0 * 3 3- IT .o1/1I* ' 3 1 I 1 3 /4-2.0 l 3

D09T9R4 - 'I A3 /T994 33 C910 .,1 00. - EA914H102 A

T0 043/4. I I I 4.6A(I31/I1T 53 I TO11/2.* 3 I I 1:/A ' I
3 E19T19* - 3 I/-2.9AI1TII a a 9310.993 3 - 1./AILT 33

T109953 /. * 3 3 3 *3E0 2 All?09 l/° A I o0242I 3

a F•ITO* - a./llill 3- EI41O0. 4 a------ .

0:96/6. * a./AT l 009943/4. * I " .
11141 - I a .024215 a I Po4100.,:; - a

I.1 , A 3S3RHO I a •-------/. I 1 3 22

a2.0*49£4/ 1 a a- 3 S0.46AL003IT/ I I 9- -----iAM OR•NO/T I .1.400-UOGT ---------........

a1aa 100.3 3 I I I U • H-

. . ..------------ 13 I .19 I T - . 1 1 PIRHOID.024215 I
I I 3:100o|

----a--------- 3 I00.3 I I I

I aU*- a ...- ------- a a CPO *1 .4406 a

a I 1P/R303.024215 I T93.0 lR$5 I I
I 3a T93.6527E-0 I

I CPO.- AO T IG ---------------.. T9-5.-1OEl -S a

T C T 10 a T01t;O. 6gE-? -
I A T• I I 1 T 51o 6$$?9-pE0l ;,.

--- --- --- --- --9

a a

3 a

a I

.44.02. .40,.

so ... ;0
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LOW PRESSURE APS DESIGN AND SIZING iJUNE 191

COMPUTER PROGRAM VOLUME II

051/lil AUTOPLOM CHART GET -PAE 4

CHART TITLE - SUBROUTINE PROPHITIeP.I
U

O.1N5SI

I PROSH2 I

i
I

I NOTE .0!
. .. . . E *T r'.UTION FOR PRESS

**eeA AAA A e.l2e*IS ENT * 3.12--- *
** ** * 30 i 21

I --------01------.- - - -Oi i P. I

I 08 I ITiOeoTEHOI

I T * I/I. II 
... . ..

I 
--- - I- --

S p . P/14.696 I- ------ 403.0 3-I NOTE 2

I 1 340 I OTE 22

I RA. . I * CONTINU *
I RHO*IT28o2 1 62 .0 1* I A * * * * * *
I 4222 2.01 72 A I

I 
I*i

I I CALCULATE COMPRESSED

SWITCH CONSTANTS I LieOUItD

SitcH CONSTANTS SOLUTION FOR TEMP I ENTHALPV/IENTROPY

40.030--I 
I i

210 I NOTE 09 *- - - --- I I 3

: E3AA A a I00 I 1 II 23

* EiIN OLOOP A I - - -- - 1 A

: A, T I TA A I I I RHS RHOC I

0 A * * ILS:V AP.49; I I ASIT *TC - I

I I I I I I T100.3333 I

STO 
S TITA I I I ASZITC - I

--- - - -. 1 10 1 4.AL3E*IALI I I I TI 66

I 01 I I -------- ALp4.A -I I I ASSITC - TI* I

A -- ---- A I I AillE BilEl I I I KHO.4EZ I I AS40ITC .- I

1 1.0 I I I ------------ A I I 01 11 I1 T!0*I.3333 I

I I I I I I - ------ I

I RHO ALI I I I I I 6 I I I

I T01; A I I I' 
. . . . ..I I I

I P 7 AL4 I I I I II. -...---- -- EI----

I T! I.AAALS1 I I I A A T 1 T TA - I I I PSAT XPIAP I

I I I I NO 1 A8IT ,,Z.AAL301.81 I I I 14900T CPIT I

N * I I AEND OP DO 1 II 1 1 OPI* EP/TI I

I 140 4 2IA 
I I A -

LTOIEIP
S HO----- -- * * I 

T- -.I8*T I

9 I 02 *ES I I 5;0 I 15 1

I -A --------- A I I I --- A- ---- A I I a

1 0 0 1 1 FL E .4 1 1 1 1--------- ---

I I 
:T:*.OH 

I I I 
SHEAT TTII--

S . I I 
1 U CTI OI II

I FUI 55T "

I EP.T.EO I I I / OT T o I I I TIS*IC0 I

I - ----- I I 1 A--------A I I TC3 I

I I**I .* 0I 
I I I I I T AC 2I) I

i 0**1i * *

.I I A 12 1 1 1 1 1 E ITIIAICS T I

I I I I I I T 0SAICT * I

A 03 I AI 
1 1 I TIA I I1

I I * TRUE I I I* I 21 IP I

I A AASIP .-LT. A- 1 I A A I A---------

i FAU S(IRO -A TRUE I A .013 A I I a T£ 10 A TRUE I I

O1"PRHO I l- I A A I IiIlA I.T. A ----- I

* K.LT. 1.0f I I A I A 1.01-? A I 26

I * AT. I I A I AA21 
A

I A * P I. R 4 * I I* A l I 51 * S AE 0 T I

I . I I .21.1 1 A I ISATII I

I IP IS **3 ** II .. I I FSE I ISIAI* *

I IFALSE . 1 1 3 I I I I CS IT1E I

I I ... 
1 I I I EIPIT I.IME S I

SI 
I I I I PSTI I I

I I I I I I I I I

I • 13 Ii 
I O2 SSAT * I

SI 04 I A AI I I* IT s I SSATA 0

I ----- A I A A I I A ----- A

*&Ol • RU

IK I I 1-0 TRU AT E I I I K * . I I I Nt - 41ITIRHO.!) I

A 11 
A- I A-----

IA .
A • I

1 GTI T U I A A. 
TII I IMI0ALSE A A I * ET RHOS I

I A AI *TI

* A I II A AN

.. ** ir w r esm 
FB A TR MTW C C81&

-- - - -- - - -- - - 1 1

* A .5. 2 AA I 
. I A 5. 10 AAI S Z A SIP/RHO.T I

I A I I 
ASAT

i A I SAT.0415? I

I 
I ! I I

KI A i ..... I.. .A .. .... I I ........ . T.. .. . I

I I I . ..... I a .i

. . . . ..... OI I 20

I I 2900I I4. 1/
SII

1~~~ 
A---------- A--

I I RHO .Emoo I 
T-T

------A------- 
I ---A-------

I • TRE 
• I0 - 2•IlN

I K I 
I
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
COMPUTER PROGRAM 1 JUNE 1971

VOLUME II

051/18/11 UTOFLO. CHART SET - PAGE 44

CHART TITLE - SUBRUUTINE PROF24T.P.RHO.H.SI

/ PROLH2 /

43.2?---* I
I 01 I .OTE 09

I 52 * SINTIRHOS.TI I A ENTRY
II *RARS A * RA *** *-

I S - SAT * St I I
I $2 I I
I I . I 10
I U *H I .-----------------
I P/RHDIO024ZIS215 I I RHO RHO* I728. I

-------------------- ---------------- *

I I
41.14--Il I

I I
350 * 02 1t

* A * *

TRUE A . A TRUE
---- IDO .EQ. 0 T .LT. 1.0E-S .- .-------------- I----1.

* * * A 370 I 14
I * ** -- - - - - - - - *

I * * A A I TA ' - AL2 - I
S* I ALS*P I

I IFALSE IFALSE II
I I ITB I

I I I I SQRTIITA*A2I - I
I I I I 4.*AL3*IAL 1
SI I I1 4P - RHOl I

I I

I I 03 1I - ITA - I
.------------- - C A 12 I TBI/42.*AL31

I I CV0 CPO - I * -------------------

I I AI11*.02421S I I

I I I TRUE I
I I CV - (CVO I A P LT. 1.OE- *-U--.* ------ - •1

I I CVINPeTERHO I I
I I .0242151/2.01572 I * I I

I I OPOT I I I

I I DFOTIP.T*RHOI I IFALSE I I
I A-------- - - A I I I

I I I I I
I I I l

I ------------------ I I
I I OPO I I 13 I I

I I OFDRIPTRHOI I -- ----- * I I

I I I I RH OALI- I I I
S I CPP CV* I I TI4L2 + T*AL31 A I I I

I I T*DPOT*OPOT/(RHO I I PIALA T*ALSI I *..... I --------

I I RHO*DPORI I -------------- 1 360 1 is
I I .024215/2.01572 II ------------

I I I I I I P - (RHO - ALL I
I I GAMMA - CPP/CV I------------ I I TIAL2 + I

I ------------------ I I I AL3*T/IAL4 * I
SI I I ALSOI T

I I I .... ... ...-- - - -----

I I 05 I V I
- --------- - --------- 44.10--11

I I CO I 390 I 16

I SQRTIGARNMA*OPDR* I *-----------------*-
I I I.013E212.01S7 I I H - HL 4 TIH2 * I

I I *3.281 I I 1*13 + *H4 1
I I I I THSIII I

PI I 0 I I I

I I DPDR2.DIST2A. I I RHO * RH0/1728.
I I 024215*1.8 I C-.----- ---- *
I ----------- I

_360......I........--- - • III I.

360 I 06 **--

e*------ - - - - - - - - --------*** EXIT *
* V * T*'.8 I ****
I I

I P - P*I4.696 I
I I
I RHO I
I RHO*62.420227*2. I
I 01572/1728. I

I H*I.T798823/2. I
1 0I57T2 I
*------------A-

I----I

• . .. .... .. ... .. .. .. .. .. 11 0

*-------- ----- *

I o I
I $*1.798823/142. I
* 01512*1.81 I
* I
I U I
I U01.79823/2. I
1 01572 I

I

I 08

* EXIT *
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LOW PRESSURE APS DESIGN AND SIZING MOC E0398
COMPUER PRGRAM1 JUNE 1971
COMPUER PRGRAMVOLUME It

05J1lT1AUTOPLON CH4ART SET P AGE 45

CHART TITLE - NDU-FAOCIDUEAL STATEMEN#TS

DIMENSIONI A4L71.8I171.AS44I.A1Il?1

COMMONIELKII'Al

COMMNWPROPS/ GAMMA.CPP.CV. CO. OpoSA

DATA AO.&.C.D.E,P14.9TTEIAOII.-.OD33EADT?523..0003S21443138. 
-. 143

5
6331SlE-E.230324?53EA6,. 13E31Z2Z9E1O/

DATA (AiI).E.i.illJE2.08199E23.20.622T0E96.,129
2 9 2 2 9 

-1231230.1

3 1 11 9
2z7 ?.S.-.tIO197E.37.293910.25SI30S.96724106.906S

.107038062SELI.l 3
69054EI3.-.1936431002h1

4
.. 385?30862TE13. -

6?S?463236E15,.1462114633E17.S2S'9
221

'E'l' 1800.10081

DATA 16411,1-1,171IE2.061992363.402040.3391.407.-410952.

64
10 2 4

5
2
ll...lDE51629t3E12.-.2930340262EI1.*S3434SE13, 

-.25SI

1143SOEIS,.4112799313f A. .3522327?14E11. .118001001100104/

DATA PC.TCAHOC/12.?032.94.0.0152A2.APBPC,EPc909P

1 9
A

5
. 3

.60A1055,.3.61339E-3. .LS13lE.-8.9613hA.ASZ$.AS3.AS4/.6267i)ASf

-2.. 1 4 9
7 3 5 1 1 1

- 2
.. S306903E-3..206931E1E-4/

DATA Cl.C2.C3C4.C.C.C723.29.A7@OE3I 1?l4ESlDZS29 
2.5

301SEE22.1.19058Z-..2463E-Z4l

DATA GS.BS,CS.DS.EFSS2.05S8,3.12OE,3.563,.1?6ES, 
9.

: ITOE-26-.SS544tE-211

DAA ATlAT2.AT3.AT4AT.141Z46,*1O0145E1.9315?1?. 
223720. 21

2.*871

DATA VhiA.VMG/2.44810.ZA.AA1 I

260 FORMAT 13314 SUSROUT THE P40PH2 01D 407 CDNVERE,33.4
11

DATA ALI.AL2.AL3,AL4.ALSI4.29069.4.T733AE-2.-1.
2
1aSbl-3, -7.35483E

-4.3.A7721E-3lH1.H2,H3,H4.H3I88O099. IDI.419.-3.1316, 0.056438

-3.45366E-4/

A-52
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LOW PRESSURE APS DESIGN AND SIZING 1 JUNE 197

COMPUTER PROGRAM VOLUME II

O5//7 AUTOFLOw CHART SET - FArE 46

CHART TITLE FUNCTION HINTIRHO.I

I 

I
I 01

*---------------* *
I RHO2 - EHO*RH3 I

I
I EXPI-AITIAERHO2I 

I 12 * T*T I
*-------------------

I 02

*----- --------------*I
I HINT . A13*IRHO +
1 2.*A41*eRHOIT + I
I 3.*AISI*RHO/T2 F

1 S.*A161 I
I * &/IT2TI I

I 4.*AOIIT*T2I I
I 5.*Atl I21 T2T2. II 4t.* ITS /TE * I

I 14.*A lll TI1E* I
I 3.*A1 T311T2
S.*AI 14111TT21F I

/ -2.A IIT I

I *EA*IAHO2 * I
I 1.IAITII T li

I 6I*RHO**/5. I
------------- A

I

I 03

I HINT - I

I :l .O04215 I
*------------------*

I 04

* EXIT *

A-53
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 I JUNE 1971

COMPUTER PROGRAM VOLUME II

OS/IITI AUTOFLOM CHART SET * PAGE 47

CHART TITLE - 00N-PROCEDOURAL STATEENTS

COMMuN/1LKI/A1 Ii

A-54
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LOW PRESSURE APS DESIGN AND SZING MDC E0398
COMPUTER PROGRAM I JUNE 1971
COMPUTER PROGRAM VOLUME II

05/I6/i1 AUTDFLOS CHART SET - PAGE 48

CHART TITLE - FUNCTIION SIMNTIR4Oe.TI

/. /

I-

I
I 01

e-----------------* 
. .

I RHO2 - RHO*RH3 I
I 

IIII EX *
I EXPt-A(17T*RHO2|
1
I T2 * T*T I
-- *--------------*----I

I 02
*------------ :-------*

I SNT * I
I I-AlIS*AI2I * I
I A(4.*AI6I/T2 * I

I 2.*AI5I1/T I
* AI4II/TZIt*HO - I
I AII*ALOGIRHDI - I
I RHO2*IAItI*AI I
I /2. I
I AI9I*RHOf3.I * I
I II4.*All2|IT I
S 3.AIllIIIT * I
* 2.*&IOIIiITTZII I
* *EX/I-2.*AIT171 * II I~IA.AIIIJT *
I ((l4.*AllS5/T *

I 3.*AII4II/T * I

I 2.*AI3II/IT*T211 I
I *EX/lI2.*AIIT1I I
**------------------

I
I

I 03
*---------- -------
I (IRH02 * I.IAIITII I
*-*----------------

I
I 04

*-------------------*
I . SINT I
I SINT*.024215S I
**-*---------- 

*
I
I 05

* EXIT
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398

COMPUTER PROGRAM 1 JUNE 1971
VOLUME II

O ITS AuTOPLOM CMH T SaT - PAGE 49

CMAT TITLE - OIM-POCEDURAL STATEMENTS

COW ONS6LKtIA||71

A-56
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

05/16/71 AUTOFLOW CHART SET - PAGE so50

CHART TITLE - FUNCTION FUNCTIP.TRHOIO

.............VERSION
23 JAN
TO ................

*------- ---- *

I RHO2 RHD*O2 1
I I
I RH03 * RHO*3 I
I I
I RHOS * RHSo*s I

E I
* ER * I
I EXPI-AIRTIRHO2l I
*----------------

I

I 02
*-------------*-

I F .- P* I
I AlIt*T*RHO * I
I AhI*AI2I. £

I *T*RHO2 * I
I .l 3!R"02 A

I AI RIRHO2T I

I AI4*RHOZT, 4 1
I AIIRHOtIT*RI I
1 AI 1RHO21T4 1

I *T*RHO3 * I
I AIS)*RH03 A
I AI9 1
I *T*RH02*RH02 I
I Al01 I
I ' 03*El/T*2 A I
I AtIll I
I *RH3O*EX/T*03 I
*--------------*

I
I'

I 03
*----------------
I A1521 I
I *RH03ER/T*AA 4 *I

I A4133 I
I *RHOS*EX/IT*TI *I
I A141*9 I
I HOS*EX/T**3
I AlS I
I *RHOS*EX/T**4 * I
I AI16IRHO**6

-- *--------- ---- **
I
I
I 04

**----- U - -------- *
I FUCT = F I

I 05
E oI

* EXIT *

A-57
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

05/L/T AUTOFLOW CMARl SEIT - PAGE S$

CHART TITLE - NO*-PROCEDURAL STAITEENTS

DINENSION AtIlT

COMON ILK /A
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398

COMPUTER PROGRAM VOLJUNE 1971VOLUME II

03/LA/Ii AUTOFLOW CHART SET - PAGF 52

CHART TITLE - FUNCTIION OFORIPI.ARHOI

............. VESION

23 JAN
TO...............

I 01
*- ----------- *

I RHO2 RHO**2 I
I I
I ARH03 ARHO*3 I
I I
I RHO S RHO**5 I
I I
I EX * I
I EXPI-A IIf*ROZ I

I

I 02
-----------

I FR - AIIIT * I
I 2.*AI Il*A12) I
I TtRHO A I
I 2.*A31*ERHO A I
I 2.*AIA*IAHOIt+ I
| 2,*MiS)*RHD/|T*II
I ZAI5IENo/it I
I A I
I 23.AII I
I *RHO/T**4 I
I At17*Ili I
I *TA3.ERH 2 * I
I 3.A(I)I*RHO2 A I
I 4.*AII*T.eRHO3 A I
I IAIEOIIIT*fI * I
I AiII/T**3 I
I AIE2I/T**4I I
I ...... *Ex*3. - I
-*----------------

I

1 03
**--------- ---- * %*

I 2.*AtlITI*ORH02 I
I (Al3I/ItlTI A A I
I 1E4I/T 3 * I
I AILSIT*O4I I
I *RmOZ*IH2*EXX*(5. I

I 04
I

t 04
*----------------*
I OFDR - FR

*------------- A
I

I 0o

* EXIT
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
COMPUTER PROGRAM 1 JUNE 1971

C U VOLUME II

0$/8III? AUTOPLOM CHART SET - PAGE 53

CHART TITLE - NOI-PROCEOUIRAL STATERENTS

DIMENSION I1i

CONN/BLK 1/A
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LOW PRESSURE APS DESIGN AND SIZING mDC E0398
COMPUTER PROGRAM I1 JUNE 1971

VOLUME II

05/18/71 AUTOFLOW CHART SET - PAGE S4

CHART TITLE - FUNCTION DFOTIP.TRHOI

.............. VERSION
23 JAN
70.................

I

RHOI AN2 RHO 2 I

I I
I RH03 RHO03 I

* I
I RHOS * RHOS*S I

I I
I IAEl * I
I ERPE-AIITIRHD2 I

I
I
I 02

I FT " AII*RHO I
SAIIIAERI RHO2 - I
I AI4I*RHOZ/ITATI - I
I 2.0A 51 I

*PNO2/T**3 - I

I 4.*A61 I
I *RHO2/T*S A I

I AITIOAIIIRHO3 I
I A191RHO2*RHOZ - I
I 2.*All01 I
I AH030EX/T*3 - I

3 3AIt1)I MM O3PEAITPPN - II 4.*AIll I
I *RI03*EA/TA** - II .*A(123!

I 2.*A 131 I
I *RHOSOEK/T**3 - I
---------------*

I 03

-- ------------- *

I 3.*Al43 I
I *RHOSOT*ET*4 - I
I 4.*AI II I
I RHOS*EPIT*PO I
*------------A 1

I 04

*----- 0 *
I OFDT * FT I
*--------

I
I
I 00

* EXIT *
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LOW PRESSURE APS DESIGN AND SIZING MOC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME11VOLUME II

051 1171 AUTOFLON CHART SET -PAGE SS

CHART TITLE - NON-PROCEDURAL STATEMENTS

DIMENSION A(1l1

COINON/SLKI/A

A-62
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1COMPUTER PROGRAM JUNE 1971

COMPUTER PROGRAM VOLUME II

O5/107I AUTOFLOW CHART SEI - PAGE 56

CHART TITLE - SUBROUTINE PROF024T.P,RHO.H,5S

/ PROFO2 /

TIDES RI PIPSIAl
RHOI LBM/CU. IN
HITUILBSI (BIJ/LBI
DEG "
VERSION 21 AUGUST 10

I 01
*------------------
I IND 0 I
*---------------

Pi

I

I -----------

I / PROP /

I

II NOTE 02

I
II

I a I N O , 0 2

I - ENTRY

I
I

1 05

I -- H

I I IN*** **
I I

II 03

* T .LT. 54,0. * -4.

I HN I

I I

I 110

I

0 I 05

J16 I H
IS Ji PEP?? HI* I ILT.PRHO4.S. K

I0 I UII H
Ji4 I H

I 06

* EXIT

A-63
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398

COMPUTER PROGRAM 1 JUNE 1971
VOLUME II

05118/71 AUTOFLOW CHART SET - PAGE 57

CHART TITLE - SUBROUTINE PR01F2tTwP.RHO.H.S

/ 110 . I

1

56.04--- II
I 06

---------- ----------
I T * TI1.R
I I

SOLVE FOR PRESSURE I P * P/i14.696 I
I I

---------- I RHO * I
I I RHO*iTZ8.*000./

280 * 01 5 1 62.428220T32.00 I
------------

* * £ I
* * TRUE I I
S .GE. TC *-* I MOTE 07
* * 6 I * *. . .. .. *

* * 6 a BEGIN 00LOP
* * I S * 120 i. 17

* .... * ......... ........ *

IFALSE 6 AS . I £

I . 01 - -- ----- IllI .... I £ 120 1 08
1 290£ I *-----*

I I I At(!! * All I
I I I *- - - -------
I II I
* 02 6 6 I

* * 5 6 I
* * I * 09

* * TRUE S I
SHO .*LE. RHOC -. *

* * I N * 
* * - ---- END OF DO *

* * I I LOOP
* ... S
IFALSE . 61 . I
1 . 01. 1
I .. . I IYES
1 290 I
II I
II I

I I I
I I

I I*

S63.03E- * .. 400 I

I *A TRUE
I AESITI .LT.-----

I * * | SOLVE FOR TEMPERATURE

I 
I

I *FLS -------------- ---- it 1
I SFALSE 190 i 13

1 I S-***----**
I I PP I

------------ --- . . I FUCTIO.O300. I

1 03 I RIS 1
- ------ S I I - --------- ----------- I.

I PSAT - I t £ £ I I

I EXPIIAP T I I I . * 11 I 200 * L

I BP)IT. * CP I I * *
I DP*ALOGITI I I * 14 I *

I EP/TI I TRUE * I * * TRUE

*----------------* . .------ I - - BSPI .L . * 5 L T * RHO .GT. RHOC *-*
£ I * 1.OE-5 * S S TRUE I I
S* * * PP *GT P -- *

* 04* *

* * £ IFALSE * FALSE . .
* P 5.L .1 • I £

* TRUE I IFALSE I .

* .LE. PSAT *- I I 210

* * £ 6 I

* * £ £ I
* I £ I £• : : soL 1. 19

* ... I SOLVE FOR RHO I -----------------
IFALSE .so. I I I Is I PP * I

S 01 . I *.. ......... I FUNCTIO..155. I
S .... £ I I P * PI4.96 I R61I

012 1 1 2-------------------
£ 1 * I RHO * I I

I T * * I RHOe*62.428227032. I
S* * TRUE 00/1i72e.*1000. 1

* 05 1 T .GE. 155. 5-. *-- . .----- S * 20

* * £ * * I * *

* * TRUE 1 * I 1 16 * * TRUE

* T .GE. TC *-. * * ...------------ * * LT. PP *-
* A I IFALSE .5 16 i H . * * I

* * I I .01 . 15 1 PRPO H S * 
* * I I .... I. I ITePeRHOeH.S. *

* .... I I 140 1 I UI H
IFALSE . . I 4 H IFALSE . .

I * Ol I I --------------------.. • -

I .... -------------- - ....

1 160 I 1 270

SI 17
I 1

I * EXIT *
... -------- ...

.63.03. .59.13.

... 400 ... 220
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LOW PRESSURE APS DESIGN AND SIZING JUNE 191

COMPUTER PROGRAM VOLUME II

O5/18171 AUTGFLON CHART SET -PAGE 58

CHART TITLE - SUBROUTINE PROFO2IT.Pe.RHOH.51

I 140 /

57.04--II
I 01

*-------------------

I SA * I
I A4Il*AII2IT * I

I AltO) * AI141/T A I
I A1151/4IT T) + I
I Al1bIlT**4 I

I SB AMlll*I I

I 
I

II SC - P I

e--------------------*

I
I 02

*---------------------
I RHOO I-Sa * I
I SQRTIABSISBSB - I
I 4.*SARSCII I
I 142.RSA) 1

e--------------------*
I
I

* 03

FALSE LS8*SB -
-- -- H* 4.RSASCI *

H .LT. 0.0 *

TRUE

1*
IE

I

I

. I ..........
I O I 04

----------------------------
I RHO O - I

I P/I* 2*AIlfO TH I

I *---------- ---------

------ ---- I -

I 05-------- --------- *

I EOD I

Ie 1 -------------

I

150 I O6 I
*- - -SII. .0*-- H I

I RHOQRHO0 I I
I FUNCTP.TRHO. I I
I /0FDRIP.TRHOOI I I
*-------------- - I

I I

I 
I

* 07 IIo I

H *K• I

*A. .RH.OO -*. TRUE I
IRHO)I/RHOI *-

*.LT. I.OE-7 I I
I I

* .... I

IFALSE . 61 . I
I . 02 . I

I **. I
I 00 I
S------------1

SII I

£ OR0I'1 iO t

e.... .........-- - - R I I * *

II AT1 I I I IU

------------------ * I -TU.E. 0---

I I I 0 50 I IS

I RFALE / HIA FORMT

I I / O60O

I I / FRORt THE LIST /

II

I I 10 1 NOTE .11
I I

I II ---- --- R ----- RRH

I--------------

:63.16:

.. o

... 440

A-65

MCDONNELL DOUGLAS ASTROMAUTrICS COMPANY- EAT



LOW PRESSURE APS DESIGN AND SIZING MDC E0398
COMPUTER PROGRAM I JUNE 1971
COMPUTER PROGRAM VOLUME II

05/18/1 AUTOFLON CHART SET - PAGE 99

CHART TITLE - SUBROUTINE PROF02IT.P.RHO.H.S)

/ 160 / I 210 /

* I
1 1

T7.o05--- I1 ST*L --- i
I 01 I 09

-------------------- ---------------- 9
I RH01 - RH C I I PP* I
I I I FUICTIO..15S.. I

I P1 I I RHOS I
I FUNCTIO.,TRHO1I I -- -. .. .

I I I
SRH02 * 10..*RHOC II
* I I

P2 1 * O
I FUNCTIO..T.RHO21 I
I I * *
I K 0 I * * TRUE
---..............-- P .ST. PP * ---------- ST.20*--1*

1 * * 220 I 13

------------** M ------ --------- * $-------

ITI 10 I 02 * I T * IP .
S9-----------* * I VRA*IRHO*RHOII I

S I RHO * (RHI * * IFALSE I *1./RHO - I

S I RHO2 12o. I I I I VWI/AIII I

I I I I I I I

I I PO I I I K.0

S I FUNCTIO..Te. HOI I I I *---- ---------- *

S*----------------- I I I

I I I I 11 ------ II1

RI *. .-- --------- * 230 I 14
I 1 1 RSU ATI + AT2*P I I * .------.. .. .*

S* 03 I i I I T - TO - I

I * I I RASM RSW/32. I I I FUNICTIP.TO.eRHOI I

I * I ---------------- * I I /DFDTIPe0RHOI I

* ABSIIP - * TRUE I I I -- ---- * - *

S .POI/PI .LE. *-+ I I I I
S I.OE-4 * I I I I I

I * * I I 9 12 I I

I * * I I 9 I * 15

I 9 .... " I9 9I

IFASE .61 1 S TRUE I9 "
I I . RHO .ST. R -* * AB5 IT-T TRUE

I I ... I 9 I I * TI/TI .LT. -

I I 300 I * I I * 1.0E-5 * I

* I I * I I * * I

* I I S * .. I * * I

SI 04 I IFAILSE 6;. 31"
S*-------------- I * 03 . 1 IFALSE . 6 l.

I I K.- K * I 1 I I .... I I .32.

S--....---- . ......... I 400 I I *
I I00

II I I I I
I I

S0 I ... 16
I * * I I *9------*-9*

I 1 .60.01. I I K * 1 I
S * * TRUE I I- ------- -*

I K .GT. 50 - , I ... 240 I I

S * I III I
S * I I I I

I 
1

I .. 9

o PAS . 59 . .'I I
SIFALSE . . I I* TRUE

* 3 .... I * 9 K .0T. 100 R-*

• • *. * -o
11 1 1 TRUUE35

I I I I K ' I

P -I .. I * **.**I I I 1

* * 06 1 I IFALSE . 59.

S * 9 I 2I I .. 11.

I * 9 1 I I ..

I * (P9- * TRUE I I I 330

I 0 PORIP - P ------- I ------ I o
* * .LE. 0.0 I 160 I O8 I I
* * a g .------------------ * I 18

II I P2 PO II
1 p I I I I TO . T I

SIFALSE I I RHO2 RHO I I .....-- - - - *.

I I ------------------ P I I

II II I - - - - - I
I I I-------- --

*I

1 07

I I pt i p0 I
I I

S I RHOI * RHO I

S*------------------
I I
I I

ML----------- CU
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LOW PRESSURE APS DESIGN AND SIZING roc E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

05/TA/I AUTOFLOW CHART SET - PAGE 60

CHART TITLE - SUBA'UTINE PROFO2.PeRHOH.SI

/ 270

1

57.20---II
I 09

BISECTION METHOD

59. 12---) .59.13.

240 I O1 "20................... ... 220

I Pl * I
I FUNCTIO. 85.A..RHOI I
a I
I P2 - I
I FUNCTIO.e155.. I
I RHOI I
I I
I TI * 85. I
I I
I T2 * 155. I
I I
I K - 0 1
*--------------------*

I
------------ I, ------------------
I 250 I 02 1
I ---------------- I
I IT * ITI T21/2. I I
I I I I
I I PO I I
I I FUNCT(O.,T.AHOI I I
I H--------------- * I

I

111I H 03 I

I * *I

I H ABSIIP - TRAUE I
I P01/P .LE. *-
I * 1.OE-4 * I

I
I ....
I IFALSE . 0T .

I . 02. I

I I .... I
I I 300 I

I K - K - I II
I

I I 04I
I e-A --------- * I

I I K.KHT I I

I II
I I I
1I I

I * H TRUE I
I * A .GT. 50 - I

I H * * II

;S0o

06

PI * IU I
I Hl | -P~ .... .. . ..I

I LE. 0.0 • 260 1 05

0 Zi PIP -----------

I IFALSE . R . I2

I I . 11. I

I I ..... .......

I I 350 I

I I

1 0"
I P

I * POIAIP - P - *-- - I-- - IA
I * .I.E. 0.0 H I OAT I 06
I A H I A---------

I A A I I PO.=PO
I T I
I IFALSA I I TO - T I

I I I *-----

I II
I I 07

I I
I II H----*--- -
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1COMPUTER PROGRAM JUNE 1971

COMPUTER PROGRAM VOLUME II

0S/1171? AUTOFLOW CHART SET - PAGE 61

CHART TITLE - SUBROUTINE PROFOZIT.P.RHO.H.S1

1 290 I

!

57.010-*1I
1 01

- -.. --.... --.......*I Il
I P " I

I FUNCTIO. TRHOI I
*-----------V

I
!

I
SOLVE FOR
ENTHALPYIENTROPY

I
-58.07--i-

30U I 02
RHO-E.- ----.- -------

I Z I
I PIAIII*T*HO) I

*- - -******-- V-

* 03

V V ----------- I.

TRUE I E 320 I I O
* RHO .LE. RHOC * I. .. .. .. .

I * I I EXPiAP* I

" V V I I 
B P i *r "  

C
P  

+ I

I V I I DPeALOGITi * I

I IFALSE I I EP/T) I

II I H I II RHOS * ALl I
I I I T*IALZ * T*AL31 * I

I I I I I AL4 * I
I I I I ALS*TIVPSAT I

--- ,-- -----------

04 II

I V I . ..... I| ~• • • *
I V I 09

* V V TRUE £
1 T*L. 55. 1--- K" -0 -- 3OE

I I I R HOSO - ROS - I I
I FUCTIPSATeT* I II

SI I RHOSiD I SAT I I 16

------ --- l ----------------- IHAT ICL * I

3 OIT E 05 3 1 I 1 1 7 *TO*I

I I5 C3)RT : C4I*T I

II H TINUE CSI tT + C6*T * I

II 06 I .. R•OIFST I7 e I 2T .
*I I I * T.RH S o I

*1 I I I OTE 05I ALSEII C2 T

V V V I I I T T "

V OTIU V I I I CIIV T * =V I0 1 0 - RHOSIERHOSI V---- I ESItT V FSI*T . I

VI •LT . . E-5 I AS I

I V-------------------
V TRUE I I

V I.IZI 
.LT. S 

I V0.0 I I IFALSE 1 -7

V V I I I --A-. I

I I e a 1 P/R; - I

Ha . I I RSI SATe7.*482 I
]FALSE I;L.I 1I

I iI 41 * INTI(R OTI I

.... I 12 I I

I ------ 42 .......... HINTROST I

I--------V--------
--------- --- I

I 07 I 1
V -------- V I I L

l TO* g~o .............. 

I • I 13 H HSAT * IN . -
I TI * 0 - 90. I H " 2100 1

I a I I RHO I

I RH02 RHO**2 I * TRUE I PSATIRHOSI
e
Z4.215 I

I I V GT. 20 -V

I EX * I I S1 SI9TIRHOTI I

I EXPIf-AI I H 2I I 1V 
V I

------V.----- V- V -2 SINTIRHOS.Tl

I 
------------- V

I IFALSE .'I. I

I 
I .11 I

I I I 1 , 19

1 I 30 V----------

/62.01 I I S - SSAT - sl I

b.I I SZIIO00. 1

1 14 I 1

-------------- I U - I

I RHOS RHOSO I I 4P/RHOIV*HZ.15

-V-----V- 
V--------

I I

.83.18.

... 440
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LOW PRESSURE APS DESIGN AND SIZING MC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

0T/I8/71 AUTOFLOW CHART SET - PAGE 62

CHART TITLE - SUBROUTINE PROFO2(TP.RHOH.51

/ PROL02 /

!

61.0---1 37.12---I 10E
•...... ............?I *e* * * *1. . : ENTRY .

I 3s6.42 .*64:2 .1 * ***. * A*

I A TE1 + B*(T*T - I I
I TO*T0/2. * I0

I C IT*3 - I 09

I to 031/3. * I-- - - - - - - - -

D: ,4IT* _4 I I T - T/1.6 I

I T0R41/ 4. - I I I
I C.T•s _ I P * P/14.696 I

I TO.*.S/S. + I I I

I FRITI I RHO- I
I T0!,:6. - I I RHO*1726.*10O./ I

I II6T•6z - I I 162.428227*32.001 I
I .1 • AISIORHO I -

I 2.*A(I*RH0/T I

1 3.AI S) I
I *RHO/T**2 I 10
A------------H 

10

IIH
1 0 * TRUE

.. . ..----- 02 H .LT. 1.OE-5 --------------------- 13-

S. (AI61 i 
310 I 13

' RMO/THRA * I

I A(81*RHO2/2. * I * I TA - AL2 I

I 13.*AIIOI I F I AL P I
------------ [FALSE RI
................... I I TB. I

I I I SQRTIITA**2) I

I 03I I 4.*AL3*IAL * I

--- - - I I ALA4 P - RHOI I

I IT*2 * I I I I-

I 4.AIII/T**3 * 1 I TB.I2*A L3 I

I 5.A l/T*4 I E I -.............l-------

I II-Z.*AIE71I I HH-- H

I *IEx - I.) * * I
I•3H I3/H * TRUE

I 43. A T 131/T I• 1 PRUE

SS. AI )/TA 
. .E- ---- ----

I /-2.*A 7t I• *I

I *IEEReRHO2 I * HI 
-

I 1./AISTII IFL I I
I 1./A(1 1) I IFALSE I I

I A 6)*RHO**SfS.I I I

I *24.ZES I

-------- *. II
I II II

I O T ) 2 I II I P ( O - A l - I

I 04 1 12 I I

I I

- - - - - - - - - - --- ---- --- I I * - - - - - - - -

S . I RHO ALI+ I I I
0,31913*T.&4R2 0 1 I TRIAL2 U TohL3I • I

0*A TI I PIAL4 TeALSI I .------ ----- -- 1

I AO4HALOO **20 U I T* 3*Te 4* I, • 3f O THIl I

I Be TI * CHITe - ------- - - - I 30 14I

I TOTOI. * I I I ...................

I DITO3 I I I I P IRHO - ALI

T *0*3. I --------- a I T * IAL2

I AI T 4 -. j 1 3 
I AL IH II/ AL4 I

I TOH |T4)/ - I 1 1 / 
ALS * 1

I . IT * 
I 

II 
I ....- - - - --------..

I E 0 S I*. •3I 
v. . I6

I-AIlIIALOGIPM 1 I 
920 -1
0 ;90 I is

I AIIIHAIIHAHO I ---- -- -*4 +
I A4I4 IRHO/T 2 U I I H / HI ' H2 1I | 2•HAI$I O I 

I T HN U T HH * I

I H/TH *3 * II 
T H I I+

I -----Hl *I

........ ..... | H H* . /4

II

OS I I 06

- - - - - --- --- - --- - -- ---- --- ---

4.AIBI I I RH**13;3. *
I ORHOITHS - I I I 2.-A 1O IT •3 I

I AiTIHA(IE I I I 3.*AfIIITHH4 * I

I RH02/. - A9*-A I I I 4.HAIEZI/TA*H5 I 63.16,

------------------- I I *.OII-Z.AITI .I A I

I I I IEX - I I I 40

I I I l/Te*A H

--- -- -- -- 1 (- A1131/i--- i - * *

* I 3.|AIEAI/THH4
I 4.AIBI/E RS I

/I- 2.HA II1 £

S E IRHO I ./AIITII - I

I./AIITIIIH24*215 I
A-----------

I 07

I U.H - I

I EPBIHOI 4.215 I
- ------

I

.:63.16.

. 440
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LOW PRESSURE APS DESIGN AND SIZING 1 JUNE 1971

COMPUTER PROGRAM VOLUME II

O0,T8/71 
AUTOPLOW CHART SET 

PAGE 63

CHART TITLE - SUBROUTINE PROFOZIT,P.mRHO.HSI

........... I 420 -
- PROSO2 I 

1. 420 .

I 63.05--- 1
I 

I 08

I NOTE ,01 
. "

NOTE,0 .0! -------------------
*.. *A a *** *A 1 " (RHO - AL - I
* ENTRY * I T HAL A I

* *. ******* a AL3TI/AL4 i

I I ALT A I

I e-----------------
I 02

-----.......... --------. . -63. --II
, - /.8 I 

.430 1 OTE 09

P Pilt4.696 CONTINUE ---- . 5.2-1*

a RI " 
* I1 1

Rh, a 
40 A TA

1 RHO *IT2 . *L000./ 
I

I 162.428227*3200
1 

1 
1O

aI.. . . . . . a TRUE RM E

a....... a * a------ ------ A aND .EQ. 0
II 

PAT I 1 .

a0a EXPIIAP
T  

I a a

400 a N OTE 03 a I I
• *..A ...* * * I DP*ALOGITs I I 

* CONTINUE EPTI I FALSE
A.. .A 9 MA A a aIa a aIFALSE

Sa RHOS ALL I I 

a a TAIAL2 * T*AL3I * I

I 
IAL4* I

* 04 ALST PSAT I a a

* * *** * I 17
A * ............ . -----

• TRUE a 
* a

* ALT .OE I ---
a T- I CPO A0 + IR * a

*--- ------------ a------------- a 0CAAO
. ......... I I I T E *Fill

L4*t L L I a c Z *T a T I a I C D T .e C P O I
a a EA AL T 0 a aa a a T C '* i | Ia

IFALSE II IT I b aaC T .R S I

aIa Ia To a C IT I 1 a1Ta 1

* P .LT. 1.0ES *TRUE I.. C ...... I DD e RH1 1a a 3 RT a 
CV - c VO°O* I • 55AT*.648 CVINTIPTRHO I

0 5 a TI*A "I A A A LA La a+A S a a a a

* FALS .6a. ------ -- -- - - -- * a a a * P T DP T R O
1~ol I 0S6 . I Is( RO*P

I 
SI. I I3 1 1 I 24. 1 5/32.00 1

TR.... .a .
a a aI - -------------------

T* 
a- Ia 

a0 I I I

I- 3 I06 I I.A~r I I 11 1

-- a--. 

. ..---------------A a...... ----- -.

a TRUE3 lAIA 4 a OPOR *
-- - - -a- a.. . . . a.DFD ,TE HOT a

. 430 
I ( SSAT •

AT * I I$ IP. : 14.66*P
I T DFOR(PTRHO) I

IFALSE . 60. AA AL4 ALO I aI a

a i a TOPTOTADTIRHO a

O 8 * I . . . . . . - II 0 0 1 2 8 * 1 00R

4 a*O Ia a 24.780/32.0 0 a
;;40 

13 1 2 3D D

S.................. 
------------------

a 6 1 II AAA(AL2 * I

a 0 6 a 2 52- a2a 2a1a

aAAL *L AL T a. .a ..a

II 
UMA 

L7 
9 8 6 2 3/ 3 2 .0 0

a 2RHO ALT * a- 
ALTTIIALI aA- ------------

I P 4 1 TOALSI I 
It.RHOS 1M -C PO C I

. . . ....... 
4 T I IO a a a GA A p

------------- 
a A....... .I.

I A a .TN12OTOSII/AAAAOART a a a a SQRTISAMANA*DEORA a
- - A

a T4 a a PO

* Exit I

63.09 ----------- ---- a a a 132.002
4

.

a30 IALOGIRHOIRHOSI I a a a- - -- -- -- - a

.- 
.a. . ..a. .a a a

a M t - At IT * a I aI P. . Ia
AL3*T*T I a5 I --- - _0--1

a . RHO-/A a T at~

a S 
aPRHO*RH

ISAT HO 0 
RHO4 2T3o

------- ---------- ---------- a I

a $124.2t5 a a

I U a a ---------- -----
l IPIKHO1024*215 I 1 1 S

lo' I0 10*.6

---------- A- I U

I U0.79823/32.O00
A-----------------A

I

a 22

• EXIT
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LOW PRESSURE APS DESIGN AND SIZING iJUNE097'

COMPUTER PROGRAM VOUE 

09I/LAUTOFLOW 
C14ART SETPAE6

(HA4( TITLE - ON-PkOCEOURAL STATLENTS

DIMNNIONAII

c ON"ON/B aLAI/AL Il

CUrn4ON IPROPS IGAMTMA ,CP .co.COPOR

LATA AO.A.C.D.F/6.9ITZA 5586A1 -4,4.A363?E A.-3.?0490E0 * A.48

173E-13.0.0/

DATA tiA(II-.II,7I/.82091.0364115-.009134059.998 
-39

09.t33,240065..025BtSE3,-.118592.0.916?OS-5,1247.356

2,-6OO7363-468SI.8.I.079S6,61.6734-2251.20,.13071020

E-6,.00O376568161

DATA ALI.AL2.AL3.AL4A5/.4926E2,.15300,0.6TS2E-4. 
-0.17219E-

2.0.118E-4.HLH2,H.K4H5/34.33.-S.016,2t?38.-1 .43307E-3

*3.34014E-6/

DATA APB.P,P.PEP/1379009E3,0.OS4998814,AA

9
6
5
4

1
911724

-96.. 1 2 1 7 3
/*PC,TC/Aq.735,85.OOI.RHD./13.5/

DATA Ct.CZ.C3.C4.c5.CA.C?/ 89 2 .824.1.3421AE-9,-7.76702E-7 
1.84527

E-4.-2.3049E-2.1.AO151.-5.2512Al

DATA ,B.SSSF/246.46?I102.30E.4211-

,-3.9S73SE-3. .206605/

DATA ATI.ATZ/1164.87,.192
9 4 4

/

DATA VWA.VWB/1.36A9..01
1 8 4

/

360 FORMAT 13SH4 SUBROUTINE PR0P02 DID NOT CONVERGE.3EI1.4/1
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
COMPUTER PROGRAM 1 JUNE 1971

VCOMPUTER PROGRAM OLUME II

05/1sT71 AUTOFLOW CHART SET - PAGE 65

CHART TITLE - SUBROUTINE PRPHOHITEMP.PRESS.RHON.S.UI

I PRPHOH / I PRPD2 /

I
* S6.05N--II

I NOTE 04
1 O UNITS. TIDEG RI N N N * * * * A *
PIPSIAIRHGILBM/CU * ENTRY
INI).*UIBTUILBNI. * * * * * * * * * *
SIBTU/LaM DE I
INTERNAL UNITS*TIOEG I
KI.PIATMI, I
HOIGSR-MOLE/LITERI, THERMODYNAMIC

H*UICAL/GR-MOLEI. PROPERTIES OF OXYGEN
SICALIGR-MOLE DEG RI ABOVE 540 DEG A
THERMODYNAMIC I
PROPERTIES OF MATER I
VAPOR I

CONSTANTS FOR 02
I

CONSTANTS FOR MATER I 05

* I IAS 3 I
I 01 I I

*------------- - N I NAME * 10H02 I

I IGAS 5 I I ---- ---- -
I I I
I NAME * LONHH20 I I
*--------------- I

I -. *

I .66.05.

... 100
.66.05.

... t00

/ PRODPHE /

----- ----

I PRPH2 / 37.02*--il1
I NOTE 06

I * * * * ** **

39.0*--I1 N ENTRY *

I NOTE 02 * * * N * * * *

* . NTRY N I

I THERMODYNAMIC
I PAROPERTIES FOR HELIUM
I

THERMODYNAMIC
PROPERTIES OF
HYOROGEN ABOVE 540 CONSTANTS FOR HE
DEG R I

I I
I 07

I --------------------
CONSTANTS FOR H2 I IGAS - 4 I

I I I
I I NAME * IONHELIUM I
I 33 ----------------- *

N-------------------* I '
I IGAS * 2 I I
I I I
I MAME * 10HH2 I ...
**--------------------

• I .66.05.

I ... 100

.66.05.

... too
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
COMPUTER PROGRAM 1 JUNE 1971

COMPUTER PROGRAM VOLUME II

OS/18/71 AUTUFLOR CHART SET - PAGE 66

CHART TITLE - SUBROUTINE PRPHOHITEMP.PRESSeRHO.HS.UI

COMMON SOLUTION
ROUTINES
ENTER CONSTANTS

65 i.i--I• 0
IOO I 0$

------------------
I NM * RIICAS.1) I
I I
I SATI AIIGAS.21 I
I I
I SAT2 * AIIOGS.31 I
I I
I PCRIT - AIIGAS.4I I
e-------------------1

I 04
--- - ---- ------

I TCRIT AIIGAS.5I I

I I
I ANOT AIIGASb6 I
I I ARRHEMIUS PLOT OF

I AR AIIGAS.T7 I SATURATION LINE

I I OTAI N RHO FROM

I SNOT AIIGAS.I I * ----..................e BETIE-RIO EMAN

---- ------------ EUATION OF STATE

I 1 140 * 12
I I .--------- 66.12--I

I ST I A I 170 I 1R

.----------------- * * TRUE I -- - --------- *

I EBB * AIGAS.9 I I TEMP *GT. ----- I JPRINT - 1 1
I I I .EET N A I I

I CBB - AIIGAS.10 I I I I PI * .00206*T/P I

At • AIIGA% Ill I I I I EPs TI aIFALSE I Cost(PlOT-Tfll

I A2 •AIIGAS.L21 II

I 0 I I I I

I AR....I..A......I.I. A3 AlIGAS 131 13
- -........ ....... -4 I I I I AA . BNOTI 1. - IS I I I I I AES/PI I

I I I I - -----

S R .1 0 I II I A IG I 

-- - - - --N---- - I I I I
I - --------- I A3 - AIIGAS*R3 I I 13 I 1 20

• 01 I I I I ---------------
----------- M * I A1 h4 AIIOAS.RNI I I N A I 85 - ENOTN(I. - I

I 6 M.0242/R I I I I I TRUE N S I I B /PI I

- -- - -I I AS * APIIAS.RS I I PS .T. N I --------------

I I II I I P RIT I I
I I SNOIH I OT T AIIGAS I I I I

I I -- - I I I I 21
A I 0 1 1 ...........-I I * .--- --

TN R I I I I :PALSE I I I

SO • I I 09 I 1I 1 H ASSIGNM 190
* RUE I -----.-.----- R I I I 1 HS To Nl I

ABSIT) LT. A-. I I HNOT O ALU O 171 I I I I I H I I

S .OE-S N I I I I I I I II I I

SI I TOA IAS.11 I I II I I -*----- I

I I I I 1 1 1 4 I I

. I NHOEHOOM2....... I I----0-- --- I I

I ALSE I P TESS I I I I PSAT - E.PiSATI .I I I 2

1 . 01 I I P *PRESS/14.696 I I I--SAT2/TE--*--I-I

__, TU ------------- ** 1-- - -

I .. --- -- M - I I ....R I 0 IP* I

I 10 I I0 IRIN" IBI IR.P I I

AI A d 06 OT ( IIFLS -F D FLST BE .0 B~ I - I

II I I I I I I ABB/. 2*VA -TI I

I 10 I I I I

I I - ---- ----B I I M Is I I .R-0 1

SOLUTION FOR PRESS I I T TMP/I. I I I M NI N----------

------ I------- ! I I I
I I N TRUE 6713 11

I 03 I I I I N PSAT.T ------ R I0 23

....................... • • T UE .. . .. . .* * .. .... ... .... ..*

------- R------ .I I 1 PRESS R-----

EPS I I SELECT SOLUTION I I R TI A A ANOTN.1 - I

CB/IN*TNTNTI I I ROUTINE I I I AR I l I

I IE I I I I

I ACAP 0 ANOTNlR. - I I I I [ALSE I *O TNI. - I
I ABE/NI I I II III BR NI I

I I N I I II I I06 .1l

IECAPIN:,OTN(I. I I I I I I I EPS* I

RI/) I I M N I I I I 1 SaR I ~lTT1 I

----------- I N TRUEI----- R-----

I 1 M ABSIEHOI LT N----I I T I

- I .. .----------. --------------... 04.........N / RITE TO DEN / I 2N

P - I IN/ VIA FOR MAT /I PI - I

I 0I 20RZ 4RT0BI. -I : FALSE / 140 /1 OOANNR

IP I N ECAPI - I I I FRPEON TME LISTI

IACAPI/INNNI I ---- - - ---- I BBIINNNI I
I ITAA/MN 1R

I PRESS - PN14.69A I II -- -M ---------

" I II MOTE IT7I

N LIST - TEMP.* I 2S

I 
PRSS NAME B R --------

I N ,,S M SSIONTO SO EO I

II I - FoNt N I
* ----------

I o RE I '90 6T.12 I

ElTN N-------N-

210
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1COMPUTER PROGRAM JUNE 1971

COMPUTER PROGRAM VOLUME II

9OS/IS/T AUTOPLOW CHART SET - PAGE 67

CHART TITLE - SUBROUTINE PRPHO IANTEMP.RESSAO.tHe.S.U

S 190 / 200 /

I "

66.2---II 66.5---I i
1 12 I 14

SOLUTION FOR - - -- - -----------

TEMPRAATIE H I I TAI * PIP I

H ASSIGN 200 I 1 I P)/IL/VI - I

66.02---* N TO N I I I 1./V2 I
110 I O1 H I I I

*- - - - - *. H I I I RHO * 1./V *
I - 0 I -... ... .. I 1P - PI/TAN
I Ii I I I

I A - .08A206 I I V2 - VI
I I I 13 I

I T * P*VIR I ..........-------- I VI * I./RHO I

I I i V2 VI --- -- ---- *

I ALPHA / Y I I I i

I 0RBNOTIIV*V I P2 - PLt I I

SI----- I I IS

vi * P15*1/P I----2II.............V--------*-- I P .. *

.... ...--------- . * I M-M-* t I
ETA : P - I ------

I RA -P I'ol, 11
I ANOTI VI - I ..

I ANOTABB VV 66.23. I

I GAMMA I 
16

I R*CB/iV*V*(. * I ... 180 *

I BNOT/V IR UE
I •* M .GI. SO *]

GT o

----- PP -A
I 120 I 03

I**----- N 
S * I**

S .TO - I

I (ABSII(ETAT*T * I 
IFALSE

I I GAMMAI/ALPHAII I 
* 0

I I **.333 I I 220

0I 
22

TO I I) T. ----------------- 1$ O**l I

I I
II 

• I ?

II Op16 ? "

S04 IT

I TO LT * I RO */

• . T r i .1 *

FALSE TEMP * TI.* | IFALSE *.66"

- I 2 -V - "*"II • . ... ...... ..... •I 180
I I

I I 66.04----1

P1 N I IT.TO I *1A 6

I S I I1 I 1

I ...... ........... .I .-

II I.... 210TRUEo I

06 OBT IN ENTHALPY

I I

I I AA0M-I

. * .Gl . 0 * ..... • i ENO *

I * * 1 HNOT*I.61MM - I
SI 1357.06/I MI I

I * *- . ------ 6.060*-- 0 -----

I t 220 I 09-

II VIA F MI ATI NH

130 
1 I43I3SWWI

I T 4
S TR U FROM THE LIST 1 t.1-*OA O .: I

- *--A-- -T 
1
3

.-

*  
1

I TO I I R NO OT -i I

I NOTE 1 1 NOT H.RAI-I. I

... ..... ... .. AN E , 4 3:IIOO5 * PT. 1 M/NP I

PRESS. TEMP. I 8 T A

1ll o • • 1.98726 1
A TIA2 I

: TOI4313:

------ 
II T IAI; * •~~l

EXIT I
.... / ...T T IT

----6/---- - - - --

I
I
If

168.01
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1COMPUTER PROGRAM JUNE 1971
VCOMPUTER PROGRAM OLUME II

0S/18171 AUTOFLOW CHART SET - PAGE 68

CHART TITLE - SUBROUTINE PRPHOH(TEMP.PRESSRHO.H.S.UI

67.20---I-
I 01

I 1.918726 * I
I TO*IA2Z2. A TOt I
I IA3/3. * I
I TO*IA4/4. +* I
I TO*ASJ.III *
I 8EOT I
*--------------------*

I

OBTAIN ENTROPY

I
I 02

I T3 - 1T*T I
------------------- --

1 -*------------------ *
I 13 09
I 03 ....------------- -

*------------- - * I I PCP * I. * I
S * I I I 2.*CB/IV2*T*T*TI I

a (43.587/MI I I (l. * I

I *II-.06206*CBB* I I I BNOTYV2*II. - I
I RHO/I13,*(-2. - I 1 6B6/ V2 A I
I 6NOT*RHO*I. - I I I BNOTIV2011. - I
I 2.*68B/3.*VZIll I I I BBBV2
I * I I *------*-*
I .08206*BNOT*RHO I I I
I. 4-S.* I I I
I BBB*ERHO/2.I - I I I 10
I 43.58T7/*.082O0 6. I I......
I ALOGI.00206*1IV21 I I I PCP I
I + I I I I-1.98701/WmNI I
I1.8/WM*(AI*ALOC I I I *PCP*PCP/I-1. 1

I I/TOI T*IA2 * I I I ANO*ECB/IT*T*TI I
I *A3/2. * I I I 2. I
I T*IA4/3. I I I BNOT*RHO*3. I
*------------- - I I 4.*66*RH0i +

I I I ANOTI.05206*TI I
I I I (2. - I
I 04 I 3.*AB*RHOI I
-*-- ---- --- * I I 8N4TI-2. . I

I T*AS/14.i - I I 3.*BB6RHOII I
I TOIA2 A I I * -- - -------
I TO*(A312. • T I I I
I 0*44/3. A I I
I TO*AS/4II.II I I I 11
*-------------------* I *-----

I I I CP . CV . PCP I
I I I I
I 05 I I GARNA - CP/CV I

--------------------- - -----------

I S - 5/I1.E a SNOT I I I
*-----------6 I II I 1 12

I I -------------------

I I I OPOR I
CONSTANT VOLUME I I .OS206*T*(I-RHO* I
SPECIFIC HEAT I I CB6/IT*T*T I

I I I *12. I
I I I .*NOT*H0 - I

I 06 I I 4.ABOT*RHO*RHO* I
- ----- A I I gSI *. I

I CVTNOT * I I I 2.*ENOT*RHO - I
I I.IMI*IAI - I I I 3.*8NOT*.HORHO* I
I 1.968726 * T*A2 * I I I BBB * I
I T*IA3 T*IA4 I ANOT*RHO*I3.*RHO* I
I TASIIII I I I ABB - 2. I
*-------------------- I --- ----

I1I I
I I I
I 07 I I 13

*-----A-*- I **----***-*

I CV - CTNOT I I I CO* I

I 11.922*CBB/ M*T* I I I SQRTIGAMNA*DPD* I

I T*T*V21*II. I I .013ESNI3.281 I
I BNOTv*(I. - I I I I
I 666*.61V2) 1 I I POR * I

I 2.*1211 I I I OPORI/M*24.21S*I.
*-------- -------- * I I I

I II I
I I I RHO. I
I I I RHO*WN*.06242 I

CONSTANT PRESSURE I ........
SPECIFIC HEAT I I

II I
I I I 14

+-------** *- -*****- --- *
I U A I I
I PRESS/RHO*I44./ I
I 777.3 I
I I
I RHO - RHO/172b.

I
I 1

* EXIT *

A-75

MACCON NELL IOULAS AS1NOAUITDCS COSMPANY- EASy



LOW PRESSURE APS DESIGN AND SIZING MDC E0398

COMPUTER PROGRAM 1 JUNE 1971
VOLUME II

o~io,7IAUTOFLON CHART SET- PAGE 69

CH4ART TITLE - ON-PROCEDUAAL STATEMENTS

COeMaNPft0S/GANMA.CPCV.C.0. PO.

DIMENSION A(4.191.154721

EQUIVALENCE 4A.61

DATA li ... Z4/S06I39SSE,*.,1SO.OA .0

6 0
.. 0 4

2.10 i.O 944?5,l1.50951O1E-3,S970
9
2LE-6 -3.1097462

3E-9,S.33153423E-13.0.,TR6.1,1OO.1

DATA IRIII,I-.72.411Z.016.9.73R9.2.6
3
I
0
R
2
.190.15,59.72,. 1910, -.0

DATA lIRE 1,f.,?z.41/32.OO,1..OAISO1.522S4E3.136.9.2lM.5

9
. 1.4911

.. 02562,.04624,.00o4 2 0 i. 4 .BDE...9126,.S.581R1E-4. 4.8353T0-6.-3.

70490E-9.8.4R173ER13. 1.665.506.5,540./

DATA 18llI ,.4,72.4U14.003,A.9644S.3.Z2lf1, 3 3.34.q.349..0216, .059

160 FORMAT(1NO,91I*,* PROPERTIES ARE IN LIQUID REGIOO AT fEMP M

G12.5.0 PRESS **02SMFOR *.AIO,1IMM))

230 FORMAT I1H0.AESHOI.A10.39HPROPEREY SLIBROUT14E DID NOT COVERGE.P-.

FIO.4.3H T-.FIO.4.SH AN4-.*FIO.4.6EI9RI1I
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COMPUTER PROGRAM VOLUME II

Sl1/A/71 AUTOFLOM CHART SET - PAGE 70

CHART TITLE - FUNCTION CVINTIP.T.AHOI

VERSION 24 JULY T0

I 01*-------------; ---- *
I T2 1./ItT*T I

I I
I T3 - T2/T I
I I
I T4 T31T I
I I
I T5 - T4/T

I E
I ER * I
I EKPI-AIl71 I
I *RHO*RHO I
I /I12.*AIII) I
**--------------*---

I

I 02
e------------*----
I NT - - I

I (2.*AI4I*T2 * I
I 6.*AISIO 3 A I
I 20.*A(61*TSI I
I RHO l I

1 (t.*A111*T3* I
I 12.*AIII*T4 + I
I 20.*A1121*tS I
I REx -

I .51AIITI) • I
I I6.*AII3O*T3 * I
I tZ.*AI141*T4 * I
I O.tAIS)*TSI I
I *[OX*(RHO*RHO * I

I 1 .A171 - I
I .5/AIITI*AIITIll I
*-----------------*

I

I 03

I CVINT * INT I
e--------------------

I

I 04

* EXIT *
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1COMPUTER PROGRAM JUNE 1971

COMPUTER PROGRAM VOLUME II

05L10l71 AUTOFLOW CHART SET - PAGE U1

CHART TITLE - MON-PROCEDUAAL STATENENTS

COiNON/ILKSIAI 173

REAL INT
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LOW PRESSURE APS DESIGN AND SIZING MOC E0398

COMPUTER PROGRAM 1 JUNE 1971
VOLUME II

S0/Le/71 
AUTUFLON CHART SET - PAGE 12

CHART TITLE - SUBRDUTINE NSATIPTI

/ NSAT /

I

07.05O--- I1

* 01
---- --------..---- 

0
I T * 20.9703 , I

I 0.06039*P * I
I S.46077*ALnG(PI I

I
I 02

* ExIT
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LOW PRESSURE APS DESIGN AND SIZING MDC E0398
1 JUNE 1971

COMPUTER PROGRAM VOLUME II

0 /18/*II AUTOPFLO CKNART SET * PAGE 73

CHAIT TITLE - SUIBROUTIIIE OSATIFT

I DSAT #
f

!

07.06--- o
I 02

I T * 326.366 * I
I O.21?TS2*P * I
I t2.46TI*ALOGPI I

I
I

I 03

s EXIT *

A80

M.CDONNELL- DOUGLAS ASTOAUTICS COMP NV
i

-
"EAST"


